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SUMMARY

Under Contract No. DAAK11-81-C-0014 to the U. S. Army Toxic and Hazardous
Materials Agency, Arthur D. Little, Inc. has developed sampling protocols
for the determination of explosives/explosive residues on building materials
surfaces. The Army's need for this sampling and analysis capability has
arisen in connection with the release of surplus government property (e.g.,
former ammunition plants) and the specified requirement that as part of
these release programs, a determination be made as to whether the property
can be released for unrestricted use. In the case of buildings known or
suspected to have been contaminated with explosives, the Army 1is seeking
for this purpose sampling and analytical procedures which would permit:

(1) rapid qualitative determination with 90% confidence of the presence/
absence of the compounds of interest down to a level of 5 ug/l0 cm2 in a
given building, and (2) 1f any of these. compounds is detected, precilse,
accurate quantitative determination of the amount of cuntamination down

to the same 5 ug/10 cm? level.

~This study resulted in the development of several wethods for the sampling

and analysis of explosives/explosive residues on bullding materials sur-
faces. A method for qualitative determination based on detection of
charge-transfer complexes formed between the explosive/explosive residue
and a visualization reagent applied tc the surface has been evaluated in
the field at twe Army Ammunition Plants. A method for quantitative
determination based on solvent extraction of samples collected in the
field followed by high pressure liquid chromatographic analysis has been
evaluated on samples prepared in the laboratory, and found to give
promising results. The theoretical and practical feasibility of another
method for qualitative determination based on UV irradiation of a suspected
contaminated surface with subsequent detection of any explosives/explosive
residues present has been demonstrated. This approach may provide the
means for ''scanning' an area to determine whether explosives are present

on a real-time basis. Further development of this approach is recommended.
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I. INTRODUCTION

Uader Contract No. DAAK11-81-C-0014 to the U.S. Army Toxic and Hazardous
Materials Agency, Arthur D. Little, Inc. has developed sampling protocols
for the determination of expiosives/explosive residues on building

materials surfaces. The Army's need for this sampling and analysis capability
has arisen in connection with the release of surplus government property
(e.g., former ammunition plants) and the specified requirement that as part
of these release programs, a determination be made as to whether the property
can be released for unrestricted use. In the case of buildings known or
suspected to have been contaminated with explosives, the Army is seeking

for this purpose sampling and aaalytical procedures which would permit:

(1) rapid qualitative determination with 90% confidence of the presence/
absence of the compounds of interest down to a level of 5 ug/10 cm? in a
glven building, and (2) if any of these ccmpounds is detected, precise,
accurate quantitative determination of the amount of contamination down to
the same 5 pg/l10 cmf level.

The specific compounds and surface types of interest were the following:

Compounds
1. 2,4,6-trinitrotoluene (TNT)
2. 2,4- and 2,6-dinitrotoluene
3. Cyclotrimethylenetrinitramine (RDX)
4., Pentaerythrite tetranitrate (PENT)
5. Nitroglycerine
6. 2,4,6-trinitrophynylmethylnitramine (Tetryl)
7. Diphenylamine
8. 1,3,5-trinitrobenzene
9. 2,4-dinitrophenol
10. cd
11, Pb
12. Hg
13. Cr+3
14. cr+b

Surface Types

1. Concrete--unpainted

2. Brick--glazed and unglazed
3. Transite

4, Wood

5. Metal

6

. Conducting non-sparking floor

The approach that was taken to the development of these sampling protocols
involved the following steps:

Literature Search

Sampling Protocol Selection

Analytical Method Selection/Development
Certification Testing

Development of a Spike and Reccvery Test Plan
Spike and Recovery Testing

Interference Testing

Mmoo rR>»
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The Literature Search provided an overview of existing sampling and
analyeis methods. The results of the literature search suggested that
most existing methods would not satisfy the Army's requirements as stated
above. Thus, in the Sampling Protoccl Selection step, several approaches
based on technology developed for applications other than explosives
analysis were proposed for further development. Those approaches involved
methods intended specifically {or qualitative analysis, and a method
intended specifically for quantitative analysis of explosives/explosive
residues on surfaces.

Development of the quantitative analysis method proceeded with an Analy-
tical Method Selection/Davelopment step, in which advantage was taken

of the fact that several methods for the dtermination of explosives

were present in the USATHAMA datz base. These methods were modified as
necessary to permit theilr applica‘*ion to the present study, and the
precision and accuracy for each of the resulting methods were assessed
in preliminary Certification Testing (semiquantitative).

Subsequent to approval by the Technical Project Officer of a Spike and
Recovery Test Plan, methcds for each analyte on each surface type were
evaluated by Spike and Recovery Testing. Finally, methods were subjected
to Quantitative Certification Testing according to the requirements in
the 1980 USATHAMA QA Plan. Since most of the analytes are determined in
a single extract, the rzed for Interference Testing in the laboratory was
largely eliminated, interferences from other sources which may be present
in samples collected in the field were not addressed in this study.

This study resulted in the development of several methods for the sampling
and analysis of explusivesg/explosive residues on building materials sur-
faces. A method for qualitative determination based on detection of
charge-transfer complexes formed between the explosive/explosive residue
and a visualization reagent applied to the surface has been evaluated in
the field at two army ammunition plants. A method for quantitative
datermination based on solvent extraction of samples collected in the
field followed by high pressure liquid chromatographic analysis has been
evaluated on samples prepared in the laboratory, and found to give pro=-
mising results. The theoretical and practical feasibility of another
method for qualitative determinatjon based on UV irradiation of a suspected
contaminated surface with subsequent detection of any explosives/explosive
residues present has been demonstrated. This approach may provide the
means for "scanning' an area to determine whether explosives are present
on a real-time basis. Further development of this approach is recommended.
No methods for inorganic species which would represent substantive
improvement over existing qualitative and quantitative methods were
identified.

Detailed discussions of these areas of investigation are presented in
the remaining sections of thils report.

Arthur D lattle Inc
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II. SAMPLING AND ANALYSIS METHODS SELECTION

A. INTRODUCTION:

The available literature on the sampling and chemical analysis of ex-
plosives/explosive residues was reviewed to provide an overview of
existing sampling and analysis methods prior to selection of specific
approaches for further development. The findings of that revicw are
described below.

B. LITERATURE SEARCH:

Work was initlated by conducting a literature search to identify exist-
ing sampling and analytical methods for explosives which might be
applicable to the particular problem of detecting and determining those
same materials on building materials surfaces.

1. Approach.

There were basically two problems that had to be resolved in order to
develop appropriate strategies for the computerized literature search-
ings: (1) 4if the search strategy involved the fifteen defined analytes
in combination with the defined surfaces, as well as with general terms
such as surface sampling, recovery, sample selection, detection, etc.,
the search results were nil; and (2) if the search strategy involved

the use of such general terms as explosives, ammunition, and dynamite,

as well as the Chemical Abstracts Section 50 (Explosives and Propellaats),
combined with terms such as analysis, sampling, recovery, identification,
determination, etc., the search results were not applicable to this study.

The techniques used in the forensic sciences appeared appropriate for the
recovery and analysis of the analytes under consideration; therefore, the
search strategy that yielded the most relevant citations involved the
combination of the Chemical Abstracts Forensic Analysis Subsection, the

Registry Numbers of the 15 analytes, and the terms explosives, dynamite,
and ammunition.

2. Sources and Coverage.

The search for applicable techniques for surface sampling for explosives/
explosive by-products has been performed on:

Source Coverage Number of Citations
Chemical Abstracts 1967 - present 164

The 164 citations were reviewed for duplication and extraneous material
and were reduced to an output of 45 citations.

This output was reviewed
and the 45 citations for document retrieval.

Arthur D Little Inc
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In addition to the computerized search of Chemical Abstracts, a manual
review of a National Technical Information Service (NTIS) bibliography
vith abstracts, entitled Pollution Caused by Ammunition Manufacturing,
was undertaken. Of 237 abstracts, 9 appeared appropriate for review
and were ordered.

The following computerized data bases were also searched:

APTIC

ENVIROLINE

POLLUTION ABSTRACTS

SCISEARCH N

NTIS

CRIS {(Current Re.earch Information Systems)
SSIE Current Research

CONFERENCE PAPERS INDEX

3. Resulcts.

The results of the literature search ire summarized in Tables II-1 through
II-4. Table II-1 is a bibliography of useful citations including (1)

the authors' abstracts or brief summaries taken directly from the article,
describing the purpose and results of the work described 1in the article,
and (2) comments describing potential applications of the work described
in each article to this study; Table II-2 lists the snalytes of interest
in this study for which sampling and/or analysis procedures are described
in each article with detection limits, when included in the article,
listed under the respective headings in the table; Table II-3 1lists the
analytical methods used or recommended in each article for determination
of analytes of interest in this study; Table II-4 lists (1) the sampling
procedures used or recommended in each article for analytes of interest

in this study, (2) any additional sample preparation procedures required
subsequent to sampling and prior to analysis, and (3) any interierences
described in the article with the sampling and/or analytical prucedures.

Arthur D Little Inc




T Mk WSS L IBNERL | e >
40 BRIBIRIE AT PEAIE APRAS SN2 O [0 pien
DA LiQrQesd 1144 OWE L FRRERS G SPlIeq]

mecyus o dmm € g0 IR (Fe ¢

Tpselelp AR pIISLL Swegd
syl 1aga Gadi) JO Gea SR dRS BRI SeMS)
~-J03E] Pugiven S NEE JON GIOP RBUE ) Ies

rama o pwe | Cejay @ seeg) w2 (€ XSRS
218 YOi T LOG-9°L MW 370 PO Sl Mp

) poam IR TS UM CIRI-9TYTT “imr-9T
‘WQ-3°7 ) ST yade ew (e oem By AWy

“pssad)p W v puerda >

-0115% SEY) 1YW sHL) Iafeo|drd W)
BOOUIISJIFIV] 130@)ims wo ATIXNITP IMI-9° 92
FUE IMQ-$°7 22] 3158) wda S8 | %)W Iq Any

TEBOIEI) {ddC I
VNI PIP 3q Ave yoTya lpasjubal 221108 Yeumy
2,001 ta3ejins wuaj apders jo wojiesides 2ijnh
-31 PINOA 1XUY 30 ISIT D21 IOLOD D] JEIvdy

SINGH

TSy €U pelledite SY PULINE CL el P

L Ayl PO Gry ITREYWNS SN) PRI JERE ADE P Sed
Irygpinel eI Jewsml Sqi] @eg (PGPS Ol gy Femm o wp
s a0l Louguay ot I Jo saslutalds W aNxigs

SYT Yoy DO L 83 ¢ poindd 3 CIED (WPC) M e ilyw
GBS pntf S Bayeiax In CegBUS PIRERAE IGT S  SumPyBa I
Vgl g0 arnenrsll B3 e} PRy IWLALE SYD Wei)
WA +3C WS L3 B MY PP W] LGadERD | TI Mg

AL LW PP IS SGIR SRR OB PRl L G)OWMEGeday

T PRY® §] SNnQE Sf SRSE M ST LED Iug e ]dnd
" S i Dy
S PR PaIBET pe MBI IES] GEPD BYY QLIpe D | D

Be slEw S} ANENT JGET pENU ] S 1T "SESED Jaub I) e
WP 8 sIRRIIILeMER My LIME PIANEESY G 2 Al

Sy siegd eds B we Jenp S2EB] (EIIWgD> SLAGPE gy

SPUS] PasBe] PR 4JusnEErD Mgl PP SGlEERd OGP BB 8

P ARstge >0 dTuesadd Ey) DS jELIMNP &) 8 LETamed
PRI=s 2y TRLIBWRS IS 0 BB LB MIPS M @2
R sedr IS € Su-glidesy Apdnd 3L o] pena.ies
SR WA €704 0 G1 KN PO IORGER RS> PEE aa] )

S YRS AL IER I ICHE S§ S PRI PRL POIEW ] i 0P
SO0 4wy SBIIG T IO PEss ) MeiSR (il po P eSS

TR MM G G338 S s wanasd € Inamad

—BII IIMIV N O M W) PRar] Sy SOy 1l pee
Saaiow [dis IMTISTIQ | TI2IGNPE] IBIIIND JUR J IS ICETR
jo 2ME) pja ¢ 3 pojdiv @Dq SE] o) Iy

TIPSR OPSI)|9]I] 1A P RATP U PER JuaeierlIINIPp
GIVA MOJO3 salq ¥ P Asad FPIEBIPA] B SR
~SIgHEEIII. Jo SOIP JED AW C1GRBI]F-Iu0)IO0
doip o jo 3emaads Be-gl 01 ¢ @ jo actiliee g
L2010 p0QuY BIA 30| CEXD I U] IESWII (DI Sremod @
€] SI]poq-0I118 JO WO{IBI] )] WNP] U SO I 1P MU

TPD] By PO AIIROF)LP

Siq) IISAmIRS 30 PIRINS Y  _"330] w30l s
e polag:em Liffenh M) ,0 5] pide Sjrmpins
) seIjve pacnpond 3¢ sos Jmijoo mid Lap @
‘saplopie puw ¥iclae Je(udjlisd U ‘spencduwod iaqr0
A3 porapuid @] IMOIOD (VNI © AICYL ‘rradmog *E)
1823 SIY) 01 WIS Y PP Djirme|nE I21)
-03301i40 PuUR SUBAY) JO I 0NIM Iq) w] punodeod
£141 £q pamIvj] 1w (03 pal A JOo Wujdapcd )
VO PeSTy S "XIg "MIBE23]6}I130] Ly 3w 3 r0] 24>
30 LOLINDEDIINOPE N2 rog I8) Ionds awppimry gy

LOVNISEV woNLny

SNGILVLI1D “1A43SN 40 ARAVYDO0I19Ia  ~T-I1 J19vl
" . »l -
» : b . - i U

. -

Sl WTAINIT TS s mdaey
T MBI 2 gy G D2 d B Omewr T

o~ GNP IV e s g
TIW AW ITT T ewas apoy

Pl CEEL-SEY:Aw) A, 3
Jjowssmg Ff cabe) Si13¥ ;o
Sy po Soejeryesy Be,mu g

IS jsmmpmp po BB L8P ;[ Iy Ml
rmteeqies Tay s ey

“Pe! CLil W) ie ssreoy
“saajeejdcg el ITIiiemew)
8] SIpOG O ITWOTY CAL,WLa]
P o23jUlg Uﬁ 'wut! o)
T tdeges e Y 3 Csewy

“69e1

YR LIS L 2R I SRILIP)
~midnqraen13aisd) 30; sy ¥
rom tdogyes 1TRV'S Ceemy

ARG

d3uann
ERNIES

Arthur 1), Livde, Ja



ZI6109-11 Q
LY Cr 0N £duds011dedy '
"o 1 1Sodwnd AC[IP PUR “$13)S00Q " S2§I¥] PUIIGY pRiriju) )6 35 &q I[CONOIDYK B uo 3
‘1331085 's32adu) ‘siampad vy 10s821d spuncdsod suc]ljsodmon Ae(aQ puUvY "Ei2isomcg m
‘sludmalinkal (¥8 Z-f ‘" 3°[) Jx10 ]dmws JDiie) Jjuedavn] pus spunodwcy djueilo a1 ju wo) ‘IIPITFMUIDUL “wiaud] ‘sianci) N
Kaspie;ay candjuydad L1oivei)juod 20 Jjuavads -2 19P M} 03 £d02501133S [Wiwajuf )o BOJ1ew2] [dde ‘i JO sisdjouy IAjITITIURD)
se Jduvxd Lpnis S§QE uj |h)aen Jos Ljyeyosy Y wo wujarijisaau; s guolaapun £L10je20qE] S|Y) cy ‘azpmsoy 3@ Cuwesor 6
“7461 9A1-LiLyy "avorTwosqy
‘SOFINIIYE DOJ PISH IWIM|V] IQ) “WOJISIIN WOL) BIINPOLG WU ICPIX)
Ul $J13jacds] wol) W3 1[REI2 spumodmod wWo)iWiljE jo ojsd)vuy drydraloromiiuny
* mImdo[I43p 3] I VIWFIAO10D J° pu® S53Wid WOIDIIIE LN’ SaoMuEDD Jq) O 23ém1-mpgy 11} TSI PSSR Ay
wonbusgne pur I AN WIIA CoOlET|ERS| ) wdaie smOjIvA w0l ) 8320ge-id wojleTiZ0 w ew 1te 1N srOTWiIRO]) LR C2319] |09
rapunolwod-oJ IV 10} WO ITPO0S Jii )O emows 3% Swn}Ivisdds WEIloWWO D JLe|-0)42 TS TUQINOR @D Caapemy) I°)
cEpge2d wf iEEjET w0l
ISEFEI12V B1] QIIA WD) 10813IED Jeajos Laewiwg|
—~id ® ) paan a3 821N} S|WIL1D Al
BeiA)|ePp] PUw “Pejavmd) sj|eIweqiew “Ie) w0
“ompledl ) 3] PO} 3§ ewd> s[e1sdid> Jjdooe
~3331@ 12w} 1181sba2 3yl jL PIIVEiVINID oq wmI
S JIINITJIIP SOl iV jEvier) " (PI8L1D Jlderwsidim
djJwic @ 30) 8333 70d BIIIICIIP ARI-Z PO[IN1INP @ ~
Bujrepord jo sjquded $] QIR ‘vriawd ! jlopue) )
Ag SIPiSds IE] [ [TISLID 0] paqIeondde ijdec]d> S} L 4 L g
1EePs Ml “eaiders Jepqed1 sajseidnd [emie gipa Mle0IdE]) )0 SiGajvwy Jq; =
Paisrenerd aajeesd WS ITEN MR M) YA (3P tee) arjiomi) o) pow Bajmediryg @
S eInsl jedal W} IS PSSR IGW] | Dus e €1 QT >y PITGGE "RCIIIPOPT B ‘PR 3] 1IN} P puw o% TiIWE] [ jleMmsy IR] PO 2T <L
©) smp spmis ¢Iq) W] (Rjeem PN Llgeeeny A 11SNIE QIY S§ ) IR PlNIm ML) |SIP] OF "Rd “IIregeq 174G FIVLFES) 4
“FLl 8y poem el ISR jIERS])a 831 wdn (sIjEMN> pee
djidemgacie) "at11 BeEplie> pur “peea “1asle ‘ede sl @ " hgheilaaidede wagssien Cesy e}l e sl YSYlivi el B
G9l) CIIELTEP INOLIIT PUE SIGIS B0 PIRIS ] ~od smi-) “FU "4deuesiireds JLINI U] (O WY JONIGERD PIMMBINY “f “SHNPLEI) AW LI] P
sdigomy "G IORl)JEe) o) peUm FIVIA IR ® 230 gosdhiEgrs] SR WIILINIIES DRMIGS 2B TINalewy MW TS LT V) PPURS
2aqpe QA Majeeldxns §Sig »e) saadiex e 1enomal (eojsinl L PO IOPOS] PSS M yeeidad e SorTY TERAABGEEY [ 4 ¢)depemy
B0 ) Ip] Iug el OO PESE GIE PRG J1L S (S4|THE I IGENLEAS S0 SRS P > ~raidd AgEe S{Q Itg'S “weleng 1ty CMgiiderg -
208"y o =ey
" ulesdt W LK s cMbme ., 2swmed of Yeaud nb
g 2 SudE] SMINLOLP AMGEICA X)) eIIER
ponpgEmes $345  Cespdume [3OR4el 3 w3 aedey
Qf 43 48 I JLEBLIMSID 0] 1] PRAIS Juw @3
-3 pep dimasd “eajijeminz Em L o weg RIS IS> 20 ) i TTTdle- LYW
TAmCS La) pe 3FOI VRS SRy SISV ) Seg 3PS LS PESIRLEPUS IS 4IPS ST PQERD TEOE temeamg r - egphrale yewmey
we pompsied sjlijTen Jpawe 202009 4139 e “nlmgernrd e 82 gesb-amiilie o WY e S.smiue 2l WG LD PR Y
TUL TR IDORTH ) UMLP MSDESGR I IS] L) P sl 2] PNEEE PSS FEE CLIWSGY PP WY PGS ~AME Il L S0 WD MET] SDLIE AT W
18 e mejlemjaceip o, wiell ey @een> JO %3 oo, saspamsd x) Pans. il JaNERI C) Ppm g TEIg MageNy i Cemesy T @ S goaeeg <
SRy LML S ankiby po o T e
. w
(QAANIINGD) S0Iivil) TEISE 0 JAIYEOITRIT ~I-11 FTEEL
- a - ! L - -
P . — L P ” e WORRRFRS TS
_ N <R - - - e NGNS SN e

vittle, I



"PIALIIBUCWIP 3G UED IKAIIIU]

JO B23A[UUY 1[I0 JO UATIVZFIENS A PV UOT]
NIOHII A0J SUOTIFPUCI J§ ApNIT s J0J paidupe
depy 2qQ Avy  "LIVeNITISUOD paajusal 30 wojavzy
-1unzia o3 ducy p paiamod-L1a33nq pue I3y J7L
ajqesod ajqarrueae A[[9]213m30D SIB[] "SIAIG
-01dx3 WNOTIBA JO UUTIeIEdIS JO) SUGTIFPULD |L

‘Paryidade Gou poIdw uopIvzZLnefp  cwasjuo[d
~%X3 8NUJI¥A 30 UOYIVIEddIU 10) BUOJITPUOD Iy

f3033319p AN ‘Uen]od [[ [§9¥IO) UL
FOIBJUP JO EIIS|BUR BNOJIUVA JUFUTRIVOD SIIniIXTw
212043048 Jo unjieiedas 105 uaafd suoyI) puo)

“833UI133433IU} [EFIVIOL
Jo siaqmnu aduc] 03 Inp Apnle BIYI U} [n)asn
s Ajquyolg  *31w1ITu 10y 1831 ] )}2ade-uoy

< TujEIadun voplgsodap 1313w ampy pIpus)
} ~%X3 J¥ S23AJLUV )JO UOJ IBUTWIIIAP 10] pOIjIIW
] Jo vapigTyuded dayIvrzIvend -eporiom
Bu) [dwes VOTIDEIIX3 JUIA[OE uf pai1ajunnd

ﬁ ) ~U3 $23U0J3JA33uy BujlvuNET3 JO SuLIm
® 3pjaoad Kem si0dra d1141cun jo wopidafyo)

TEOAEINAY N0 3SA;H)D JO JuUIWIAI JYIU

Y J10j 113 DIqLIIad IJQUITRAT AT[V]II9WE0D ® JG uG|l
-E1por AN S(TeISP 120daa YL *I6vDd A0l pue ‘uofl
-823do jo osva ‘A1)1fyrioud uo efsrydus 1A anbjuyray
192124ATCUY BIOJ[UN IAFIINIEIPUCU W POITIOAIOINT 1uq]
AN PIAT) @ dol2Adp 02 8wa yowoaddew Y3 Waom BIYI uj

‘613363 01U BHOJITA 10]

VAL 03 A0 BYT.NIEIP BIOYINE 34T [L[I)I8 BFHI U]]
TEIUINILIGUOD IATROLAXI YY) 20733ap 01 paanbal aq Avw
uogiezwdas dyydvadoremo1ys dy3133ds ‘ssowiayiang
*aapsnueIuf aq Avw [s101Ine 28ay) £q Ifoflae
cnoga2ad 9) ur pagIviap uoriviwdas d7ydeisorwmonarys
a3yl ‘*Ivasaad eayjrjandey yIiga 1o ‘gaasjorIvcyd
posjaswiiodor Bujujriuon saaTsojdxa ‘saajoordya
papcidap ‘sdaniIx)m 3A[¥01dX3 JO 8aPEdD pPaInaydeod up

"rwIu~saxd 0810 8] sjue[[adoid aseq 2jqnop pue
273uys g0 syskieue ayl 10j ankjuydal a3 jo Iun gy,
‘PISENIBTP IV BAUJWEIITU PUR SPUNOUEOD D IUEOIE
-013ju *¥133P23 3leajju Jujatoany suoriviaedos ‘suoy)
~x[nmio) 3ays0ojdxa uy punoj wiusucdwod Jo waanmixwm
253a3ués Buisn pareaisnl] €] poi1dW 24] Jo RN Iyl
‘uoyivzyaodea 10 8upieay 3jdums aignbaix j0u saop 11
2oujs Aydvadorvmoayd pyrbyy poads Y3y sf vavk|vue
$PNS 03 anbjuyday [njIsn Aj(rjrnazod y <43 Iqeas
Tvo1aY) Ao[ pue LI11]Ie{0A mOT 2foyY AQ paiedyid
-Wwod> u23j0 8| spunodwod 53312820ua jo syELuYuw ayg

‘SUUTISCel a3 Fu:pioAd4 JO 13vuvm K1031dC)8B)IvE

e Jupsjavp we ([on ee ‘juaBeaar jo wopiedydde

pue Bujised jo sanbyuyoay Fugavidey *sjvaea:
Buyacnyeras 03 PAIIAA[P uIDQ BCY LOFIUDIIY- - -
23ej1doadde aq pinom | 31821 uljjrieg,, pRliedr-os ay)
30 L11119C118) 341 JO U0)ICIISULEAP [MIE UOTIEND
~9fp yuesy e Iwy) uvojuido [e a0qIne 3] Bf 2)

121 4q syr[euw juantaeqna

N1IA C(INL) BudnjoloxITUjay pue *(ON) oujaadLrd
-0A11U ‘(NQIE) PIVIAFUEP [OIA[B Fuathyld 3O viodea
3A)50[dx3 1231102 01 €peaq 10wijod snoiod Fujuioiuod
UEntod J104P ¥ Jo J¥Nn ;) SIqraveap aaded sjyg

TGL6T TLYI-1%1:0Z "13S dysuwoloyg ¢
TIRN PIAEL A0F IR wOFICH) Jfacap]
vaagsordxy 21quiang ¥ "N ‘odsfyq

T6L6T i
~8LG2C SIV1IS “Auy IOFlud "wgin
IV uolsO[dXg UR 13) )Y EIDRU),

JBIATBO1dX] 30 VOYIRZTAAIDLIRY)
0 ta9pamarng lir ‘jewun-ay 3

THLAT 9S-I )T C13S
*afcjewosy) *f  “aEdiaJu] saagsoydxy
pue jueffodoag jo spunodeny) jo

oysAouy 3ATIRITTEOND oY) 03 LAyduan.

—ojowoay; pinby paads yIjy jo unyg
~@2jddy  ycy tuseyup LeQcf ‘frueg

TI96T *9f-61:{1)Z1 "5 ofsuviog
‘T W I83L upjjesey, 3y3 jo

Apras y ‘174 ‘wopang 3w ‘urnoy
"9L61

'CR9-TI19:({)1Z "17§ dysuauog "¢
*miodep 3apsoTdyg AUINJOIOTITUay
pue ‘onjiasdiBuiliy ‘arearjuyq
[02A1D 31214YI3 JO UOFIRUjWIITDQ
pue uof3IDTIED AL ‘Mg ‘uyoy
TTNTY ‘wom[oq Y I ‘pysmIsoIqg)

SLNGHHDD LOVALSEV WOy FONSY¥Ia2Y
m (GINNIINOI) SNOILILV.LID Tinddsn 40 AHAVEO0I1I14919 “T-1IXI 379VL
,
|
'v "
Lo U “ S a { . (W] ] .
' Dl N A B N SO T 7 T -

Archur D. Little, Inc.

71

14

(A

ul
WATWAN
108V




- == s o 7 -7 = 7 % ¥
L -

T - e gy s T e

oo T, T T 0T e T e W T . W VT,

“eogicdjisdeu] 3:IIn) Ylaon

N sum J0y TIRIVP U] (NSSRISEP J0U Smdunygda)
VIUIISMTENIOTE  “SIIUIIA)IT IN[IC B PIqIIIeIp
s01apIdosd sysljvoe pue Tuyjdmes >y )|dmie

JO MV IEPUIBENIR] JUIPRION] J[IJIIE SITwmng

"Spuncdecd djuelio 3o woyIwu
-j91339p o) (IbjuII) qeas V0103 103 1dIdxa)
iqerydde aq 1w Lve pur *(qS pur cg) EjwIa o
VO] )EOTRIIIIP IO] PISN SpOl{IIm UOY IDIY (03 I|dewg

SIUIM2IINDIAT UV JEINIWMVI IS

[ENSNUN 0] INP APNIE SIYI U [AJISA Jou
L1qrqo1,] "4Ajvo ejsd(cue JCIUIWI]D 10] [njIsq

*Ajuo sjeiam J0j [ngosg

TR - (KO (SG adq, POBU) JENS SIq) 5] I 3E

Ao dES MYl el dEs (e Merssid ) 1) wjdEE

1@ pexr CBAIPN| I Ciqren. PETY SSIIe> “s]igde Jujmerss
S[PI¥r) W) A JarY ¥L3 IX) W QINS B ISSERI IVE |

CEIBRPONARS IR A Al X fgr )

Mgl S PALSIINIE] S MO LGN SN e SImPY) <A

sajwe |di] weql prIpua i]10d0a3 K PR [ T o

Py JR) B ) S 0 ( LB SR0)ITS o SdoudY Pejacmal
W] SIS ST W IFIE S]] PIPOE v W) W)

CAITIIES Y] O B1SI) VEabinamy

QIR 232)3219] PLoOA WY SLISECISQES BT Iead> Lvm | I

SQY COEIIPIT B Cejigap jo mmlea JJis| ¢ w] wmiid

Sajun|dEs jO TIIE3) ) IIIPP ©) LiTEEadde LAJ[a]ljueds

rus 43125310088 Jq) SWE] ][RR )] 0w s popeam

-aad2l Jwe Sf SIR) Ve ‘pamic)ied oq Lem sprqee M)

JO WU IICIINI IFale® C1I06I2 INET ¥ wy CsaaspIrosd

1CISMmE2 e | PO (v mmgd> 21du]s 2oq3es dq pr) ;] Ieep)

I By VKD AJICICEI M| CAJVII40OVDII |G poEEKKS

ABO|acI0M B) S[IQIP ) ;] WIS NI W )

ST1IQIP P2 L(irdaid mO2) PRIIADI] IQ S{lrTOSR
e yarq € O praa Jageolixe I3 O SIjdli3wy

g LI

JOINCII4) JATONIIES J21JARAL JON OP PUT ‘a(suiddRow]

{geatiwfer ‘qEarod ‘Joudeo> 228 SJ3jEn D8NS

- (olq Iq) ‘prandaid aq 1SR L[ I0NIIINp A

P BINA JINI|AD 4] JO ]I BwlITAIde L iBwey g

sw yoms “eoudde SjY) Q1IN SIJATRIF] )P Imoe 22E

230 1T9R TSI )0 WOIIE[ER Q2 LQ Jafseldxd

S§4) jo 2>eiedid 3q) 01 puoissy puwr amjenided

Jij13eds ® w31) ssodBa 01 PIZFI[TOIE JIP EIIRATND

19]123ds ‘onbiwpda) SjY1 B "S20W1] IJalwo|dxD

BFIIV P I0] |ajaEn aq fom deosIMTER[ONE

“Uo] 110D Ijdems I[qIIEpoidas

Y IJ@ruIag puw ‘IJEm O} IBI|BIADO> ‘sa) swidusug
‘al1qrEiirap L [peva Ef [2]2210m Iyl “ITe Iu]INCI
10} Jdiqriine paicsdde owle ‘adwl IJajsIypc juIawd
~SuUKi) ‘U ITE [FNOIjPPE IBO lsadmng  CSYVI

£q wojicuiecxd L10Iwadqe] pider 103 Lif]fqQUins
YiJA PII)) 341 U] ~8n 3O ISWS IO 01 paivadde
8210pa01d BULIJIIATI] PUS FYBRAS VOV A]BO

faen up L1iudiand smaisde VOFISI[TOI EmOARA Y 30

~AydeaBuYpe1dINE pue JJELA[EUR GCJICA|IdE
VUIINMN AQ PAIPANIS BIIQ IACY VOIJUNEERE 219) {9
22°0 )0 AMITPsp ) wo1) Jejainses sIjevodap aql

canjesredde J@DiImmor w Ul pazdfeus swa

vea 13ded paysw 3y puw Comnt QA paIsica axded
231UT) QA PAURITD DIIN GPUTY YL “SIIAT0AIL
paI1 ) Bujaey suosiad Ju spowy g1 uwo Lydealoaviod
Sujddjare spoue LAq pIUTEIIINP I23A *SI0INTI0IIP
WigA3]] [@)O10eMm0d VOWNOD UE Juasaad ‘q3 pue qg

(Q4NNILNOD) SNOILVLIID 43S 40 AHIVYOOIT8I9 °1-1I

Tezel T(9-2S el C135 djruviog

r -eeolyel)isaan) 0355 gwuy

W] Sap)sag Jiwoidag o wojaws)]
—TISIPL  "3°D L1vAg TNTD ‘wewjjo

“SL6l flO¢ -2

102 IS Jp1walog ¢ “sanbjeqaoy
o312 0) 2[rmms anpisay Idawyosja
SRMITIITE WD ‘FITEPIN VL oD

TEL6L TETIHOU ST “®D jedpikjroc
~O;pEE [ "enpjSIR Joymwwr) jo
€21pRIS  Cgtw ‘WY 1t ‘oS

TTEYIVSIICE oW SVI

T9L6l 12$-99:{1)Z1 TINIIEZ - Lydiadc
-ae(og 3ujddyarg dypouy Ly smiraujy
WO1J )05 JO sIAPIsay wojsojdrl
Y3 JO VOFIEDTFIBIP] ] ‘epeids
IR ‘ewvuton g ‘o[opue) otm(1Re)

e 2 XEKE ]

19V

1!

91

sl

REE™ ¥
TOILV

Arthur D, Little, In




TUCYICTE NG [A
dj13mJa010> 18JAT8R[daD snojIeA jo

TSpUCY M) WOI] PIACED

UIYA 51263 PIICII|U INMY Ju VO ICD] JJIUIPL 3O SUCIE

© v VIL 30 AFYINCIIS1 YY ACHS 0] IpUW sEA 1IwIITE

Uy C(NLRJ) Ieadjuc:ial 1011y L12e3udd puc ‘ajvayjugp
192413 U413 *wu33AB00 U 88 YINE %3236 aye3)u jo

TUOY TRIC-1T0(N
195 dsudavg Cr “s3dadensg Jujagmoy
JO SPUW|] @y) U0 BINPITIY IJjWrniY] JO

Acthur D. Little, Inc,

QOITICIIS 10) UAAIR suLlIipRed )1t VORI JIMEPY Y 20) JjL Sujs LVIFTIIAPUN J1dA EIPPOIS VUM YA “1IIVuEL 1Y) "adeay (%4
IS pus 1dpewn
Wl QIog (0 WO IRVEBOD WX a4] o Bujpaalap s1x10
AQanyy pue § ‘N ‘44 'qs ‘g NITIWI[2 242 Ipn[IV] Ued
soyicujeeiued saduca Jusiqaujod Iy TSIy INI) AjcinEys
01 {YIV[D V0103 Fu|En 104 JO HIII) 3 WO eV ]EINCD
N3 IINLTIW O) IPEW SCA J10)}5d B8 ‘YRIQ IoGE W3] IWoD
Ajoaamu)d cojdews Saqaud) duS ~A213W0U1IMEE VLIS L6l C6CY-CLYIf "WYY Cjoura;pury
—on() doa-x payemorns Bugsa ‘A1)sIERNP 1MICI) IIQ) WU f CloQS um) JO €333} )3 vopleuay
{wjidien jo suiB[10 ) JujEIIIIP 0} MbIBNIS) ¥ JOo Jue W0 (EIPRIYD I Uy L1j5Qe
TAuUO wBlam Jv) ajIrR ~duaadp 1w pamje dpeis :03aT] ® O) WIINQFIIBOY ¥ B) SIYU ~JA®A  °M ‘woNImg °3°[ C[ivSloy €2
“s2anakjm pasjanidu] ‘Ipem—amoqy qilja
ST {3 v®w sosjsoldas Livl; e prepnaris YIFR £130030713)9
8lC2p ‘sieaf ¢ 210) 2djj0yg 1Iwirs] I Lq L1Iu]ames
PO By STQ PIYA ‘B 10Ls IGL  "B15I] [T IR P
‘4do380113eds 121cClavII]N puw pIivi)s} “LqdeiBoremaiga
Piabji-svd pue 1sie] ujq) Pn|u} MOI(0] PIYA BOJIED
~11T1929] )0 SPOYIIB QL IO IFETENS J1dodecldfm awq)
13101 WOTIIEIIXI IJwlion] pur djeedio Jo S1SIRUCD “929-€19:(L)09 OV'a'v'e
TUOTIND; JIIIPT JATITV AN i0) pIum 4318 18271) 2L “PIQIIWP S] SWOR WO[80]dXa-1%04 wWou ) TSNP IR WICOIEXP-IV0Y I WO 1D}
SPORIdm EOTICA J0] wdajd BOU] Y poND SIPIEA J2)100[dad O UWOJINI] JIDP] IYI 10] JWIPS ¥ ~TINIPL S "u3IIIT7 1°Vv-M ‘Celdey b w
. “eg por “qs ‘44 jo
WOJAXNIIP ] IR PRI 1M B apads Lvereiiaad sjq
ME  CIso) Acy peer {)jag)jswrs €1 pwr sicilves jo Iewa RYL Y
QI JO ITMEIVQ 3AJIIEIN W 3] JabjIps) FINI jO Iwa N STIT-UCL(LIOL "I9S dpsmaucy r
“dl1amblaqas PpISSAIS [P SY “Imp)sa yoans vy @ 1@ TIMpISIg JOqEEN) JO WOIIDIVLAG Lid)
PIIFIF® 152139 03 WAIWMPII) WIS TER[GJON JTRIPjam Bd [BRII] WOIBIIIO [ DI ¥
cdwn si®ism 10) Imjony ¥ JO 18D 30D I W PIICINNIBOI IN LpmIS Ino e} “S°8 ‘iillesa 4 "sowop L
TEBAa0[dEd QIIA 130100 B] BIXq dawy €2 PI>nivms SEOSIN o 0Ll ITI-wil:y am
Sujqield pur CIYs I WS 83I8I) O WO31WD] | 1 YSIP] ) O) 4jjorEalsol|dry “woisOldx3 BR
L IR 331 T7Y Pl dde BIIg OS @ LEY PONIIE YL PRI 1INIST POW PIIIIIIP avag s2133(qD Lo sl iwend 2y
IIVSBIAM OO KA GO XS Smojies O Qg Wr> sojsu(dxo ew 323 % 833{qn Iui|pusmires o3 Bejisgw %] cdajso;dry JO BCIIPI] | IuMP]
o) 1eaedas Joj AT IRC]IIPEOD WL W dia o 333223 dQIga pIqIided o] mblwunsa) ou) v ML "[°R Cvorlel 1@ ‘swlgmor (1%
TPpOPeI|Ida0 20
poitujeriucs L1)¥cs 8§ 201323 Koy
1Y) 87 AICr00APTI P 1PpIItId sypmmond TPRINRSINd P 20139 3p Jumde>
WUl 29} ICh! BCIIMAMAI MIIA 101291 w3212 lg-ogdie oy 1) e sI[erTITA |Weam|Idx] TCLSY NI
Co-tht 22~ X Aq PRICIduenk uiOwR) CPITPUR L B S JEMIWIGAIITLI-C (] WMI)A PAETIN BIIq Jasqg t1S "Borjowolgy “fF  “2031331ag da=ide)
~¥2 9| spumedmc) asi)w pI)IEI IS By spenodma> 118 wa) e s2jdia)piceqr weIAIN|P L 3% 2 C ) wo233013 (g-jaypo1n #q) wija apaciso)
puoe Bujdeas iq 9)C1d 1 @ 1) praumds AL CI0INIP R BRI (g-[ape NI Pejsorine ~-emaIy) SSBYY 2odry per M-SR L
TIniz 1jods IR 4o SIWBI] 24 QIIA AN Sgir:3010mein) asrpl 10dws pun sadsg-wig) jo wojdIew)guol 1® o} e g v LAq »Bexyg wmxideojq
iq mojyezgresya Y11 iq spencdso> ® Liq 2Pes exiBar il 0) 013 )@ ) 8] spuscdend o) jw Jo o] ~0idf NI U] spumndoe) 214 O
al1]|e je s irivdas @) sany)pwe) SIAiuEn Jajdw)jluend Iq) 0] PrSjIsIP BIIg ENY POYIE ¥ SiSa(ody MWl dmed [ ‘Iamms) oy Y4
SI KRBAD LAGLSEY 1088V DR raam
EgelPs 4 )
(GIANILINGD) SNOILIVLIID TR4IST 40 ARIVESCITEI® “T-11I F19VL
N\ : a ) - [ W N W .
} AT R r. DU } SPVSEEN  TY P Iy et P JCT———




*Kjuo BjuIow J Injann

IO W S 0 (7 ‘uadiasiep ([ vy puey Jujysca
Aq paupeigo agdees “4juo @jVIdE 10] [NJIBN

"pRIPNI8 os e oaanm Bujddujaarc

pue s9703ds a0 jo Iduasaad ‘8a3RuCyd GoTINIIVAIVLD
‘owll SI8AT0I1M9TV-3ad JO ¥ID3FIY  CIndwnIIBU] NI
4ulI521 Joj pash pue ‘aniXie 1addod pue Avowyjue
‘PRI ‘wNiWpLY ‘JUTZ ¥ JO UDEIeUINIILIIP SNODURITIMES
) 10y padolaaap son ainpadvad Bujddrais dypour uy

(1°0% 675 wd)

1a)4ng 3303238 J 7'Q Uy pozATvue L1snwaueijwmgs uoyl
3ium 20ddod puc pea] ‘dUJZ puUU lUOTINTO8 IDHHY UJ
pazAfrue 1847J sua AUowfiuy ‘TN KRG Q Sua uollnjos
Bujysea oy ydvadoavyod PaidnIIvUOI-JWO| 1800-mO]
e Jupsn A1owsvijua Burddiags djpoue £q pagpnas sea
spun| uo sanpy8al Joisund Jo gIvAICHY IATIINAIEIP-UOR

*ypsAleue S1Y3 10) yVyN O uojIjppu

uy pasn aq 18w (Syv) £1313E01133de ucjidiosqe dfwole
5E8 YINS POYIIW @ ‘DU EINPIEIL ITeNwaAT jJu BIUI
-NIFIsU0d juerdode] 31 JO U0 ST YIFYm ‘puay Bug ool
-3p MJ 2AFII3jJI 10U @] OFSA[RUE UOJIBATIDIE UOCIINAN

© 30133 U} 3q pPI™OA UOR)

-vianled juanbasqne Aue *3103J333y) puw ‘sajaeijauvend
Jou vy spoylaw asayl LG wo11I3T[ud 2tBue © ‘swmy
*HIUIWI [ ID¥AI IYY JO [vAowIl 2319]dwod 1oj paagnb
~31 210 6UOTIIAT(OD 1NO] 10 IDAYY 1Y) PUnOj Bva I}

*851npod01d 3Isay) £q spuwy woi) saydwes paiwadaa Bujyw

- EONII WI UT puvy Bujysea

Lq paujwiqo apdmrg  ATvo @[RIIW 10) [N)dsEp

*TOH WI uj puey Jujisca

£Q paujriqo J4ydweg “A[uo S[VidW 10j [NjIen

SINTRHOD

Ag "12adsaa sP|I up £101283811¥YUN I3 O) PWIC] aae
‘dujqqess u03l0d pus 1)1 urjjesed se yone ‘wanbju
—11293 JUTILEXD YL “COFIVUTEERILVOD JnoialA sa(dees

a2 3D3[[0> 03 3IIqQ¥ 29 0) paanbai aaw Fuyurea

e Baanpadcad poudysap A1yejdady ‘0]aaa] weidoidja

312 21v pozATUUR EJUUEITI IYJ JO BIUNOWE Y] IYNEIIY

‘uodean 8 paag3 2avy L3yl 123)e spuey

AAT} puu sprei} , [RWI0U, IAFJ W01} pPIUI¥IqO Bo(dues
01 pv}idde uaaq se| Jinpasoad ayg -BIsAjEUE AIYIJD
10) paaignbaar j0u 31e 8daIs UOTILIIVIDLOD22d 10 uoTI
-~waedas 10j1d "3J4]01310913 S PII@ DJAO[YIVIPAI} HY
WIIA ‘uollaad puodIe v U] paujwialap «] Luomyjvy
"3IA[011D3]3 98 PJIT VIA0ONI0JPAY NT YITA ‘2 dmes
Syl jJO uoj130od ¥ UJ PIUIMIAIIP ST prI  “pIIw
dpa0[y20apAY Wi ur pusy 3yl Fulyses Kq pIoy[10d
Ul aldwes ¥ “pIYYTIQUIEI AIw 2p02I1II[ 3Jydesd
pateod-Ainda1am v Jujen Li1jwmejjoa Bujddiaie

Jppour Aq 3np;sal Joysund uy Auomyiu® pue pelf jo
VO ICUJWIIIP (] 10J SUOJIFPUOD ApnIs sIYY ]

TOB6T f2S-€Y:i9l “1IVT IS IsuoI0y
*IJUIFIS IFSUII0S 01 Aa)wwed[op
Bujddyais djpovy jo uojiedjrddy oy
sy ta01hef lttr npy

T0861 T9-16:91 "TIUl I35 dsuainy
*SANPYEaY Joysuiy) Jo s)sdpeay
aj119wmzijop Sujddiass oypouy |y
*3J1213S DJENAN04 03 Aa1joweci[op
Supddgais 2ppouy jo vojrea)pildy Ay
‘aTr ‘TO2IN Ptd-m Uil fncr e

"YL61 ‘L6L-6R!

1(9)61 "I9S dybul103 [ eyshfRLY
VoF1d108QYy DIWOIY PUE UOTITATIDY
uolIBON Aq Spuwy| 1) uo Inpisay
J0Ysung Jo UCTIDAIAG "S°S ‘uBUYELIY

TLL6T frBl-¥Eli97 NIy
‘A13ammurop Jupddyaas 2j)pouy

Aq wonpysay 3Bampisyy wivIaryq vy
Auowmyjuy pum pEF] JO UOJIRLIEIDIA]
"N ‘ucousA RN Canurnoy

#Z

14

PI4

134

NAAUAN
10118V

JOVELSEY doillny AMELIIN
(QAONTINOD) SNOILVIIDO INJ3SN JO AHAVIZ0I14I9 "1-11 J19VL
a . [ . i M N 9 Cl . .
e e a i B 71 S S S U S s

Arthur D. Little, In

11



‘uoTIUZYTHNSEA
J1310@§10103 ‘'waarsofdxa snoyien jo wvojyl
—82]1JJI63P} puw Uo[IPIEdIP 205 BUOTIpPUOD ayy

*8ayo)avd

1231102 03 pasn adel aajsaype 13IRIA[0d uo
A132217p pawi0)13d Y0y pue INI 103 63843 j0du
t(qux ‘Wi ‘0 *£dossosdjm yestidu) spoyrom
1ay10 Ay PI@I[Jund UOFIVIFIFIVSP] oAfIvy
“HIeN0  CUOJIEZREASTA JJI1DWFI0I0]  EINP[EaL
dafsOYdxd UL NIGd PUT XQN *INA “INL JO uoj)
“UI1J1IU3| pue UORIVITAI8 10 BUOTIEPUOD L

(31 ‘29 *Adodsordju

1¥213d0) spuIow 1210 4q pamajjuod UOTI¥I] I
~UOP] JAYIUTIUNY  “uuTIEZI[UNBTA EISREL TR}
"B3NPI8d3 3ljwwudp Ul uFIIL[8033Tu Ju wof)
~¥2JITWIPY pue wojlervdas 10 RUOFIFpucd 1L

‘U0 ILZT[ENBA DFITANFIO[0)
‘812363 2)eIIju Jo Idu2ea1d Ul up1234)90a)ju
JO WOTIDIIBP e uo)Ivaedas 10) eunyIjpuod g

SLNAWN0D)

(QINNIINOD) SNOILVI1D 1NdESn JO AHIVMOO0ITEId

"Xa[dwed x 63} 86 aajso[dxa ue jo ducaBuadjw 7-1 8w
S11 sv AJpIvap 03 d)qfseod sea 3] “8ajudolemoatys
31 Vo AT]EED paIvIO[ 3q PINOd p210q103 L1431y Bugay
SI%ajdwed m panTosaa 3y, anbjudwl 311 3ujho(dea
SaUjwe yI[a 63%31dwoy 212Jsuci1-aBivyd s §2ajv0Tdxs jo
SIN0BC 3081 JO LOTIVITITIUIPE NI 10) POLINE A LA
-U0> puc a(duge ® pBaqradsop ieded jJuasaad AL CLedfwe
JHitenle Yija vaxa(dwod a pdIofod ATYBJu tjiy,y jo
uanul aq Ave viuviueape 2aJ80[dX3 JO UOT 123300 oyl uj

‘PApnlduy 31e BuoTITsOdmod aeyfeps ysindupisyp o1 pue
UOTIEZTID)INEIEY) d[qruad 03 sJuaduodwod AOujwW 10] 83183)
‘8luduodwod aars0|dxa 10(ww JO UOTIWDTJUIIPY ) 10)
pasn 219 Adod6013123de paasijul puv fydragoreworyd
206e] UYL °231e1ITURIIII 1037243L130300d pue

UL DR (O FEEITES FOPE M ST ET &) .u:o:~0u0uud:—uu'c.¢.w
10 ©LOIICIYJLIUSPE Y3 10j paIen(uav puw paqiid

~FIp 218 ©1821 ‘PIqF1neap 21w sanjuoldxa Kawijyim
UONMIOD IBOS JO SuO)IETNEIV) [B31dL1 pue BIFi083jed
Jofuy  -Jupqeoq Jeujwgad B jo auaoe M3 1w paiIdajrod
saajvordxa Lielfriwm jo UNTIEITJTIVIPT pue UOT3ID232p
M1 10) 831833 s368eduwodus 937188 3Y) Jo Al 3Iieq

‘I'2qF2383p 31w 8FIq3P I U uasaad ajevnip

Jo ad&y egusiiaed oy3 jo UoFIeI} J1IU3aP] 13, [}or]
03 87193p 34 vo pamiugiad 9833 [edfeayd Tevojagppy
TPIYENIBTP 1@ YTFO 3BIYI JO UNEIVEIIXI JUIA|OR

Y311/ P212)1UNOIUD BWATQOI4 "UIITWEUAP [¥}II1IWWOD IsOW
U} JuasvId 218 PJYA ‘I1eITJUTP 102418 Jua14132 puo
U[433A13011u 8110 3afeoldxa ay) JO uU0}IeI] JTIUdPY
343 Joj pazr11iIn 21e sanbjuysar paierju) pue >5qduid
-0IME0IYD 13ke] UTYL ' PIPNIdU Bf 23 jwuudp JO suofl
1~€lnwao] jud3diy puv sdyi08a3ed a0f(ve jo UGTSANISP
V  "812q3p 3upqwoq uj aijweudp pajdadens 3O uogIEd
=1J1IVIPT pUL WOEIDRIIP YT 10 PIQYITEAP 31R 8I1U3L

*8duydeads JivuaaSupj se ioane sajdaey

11vws K12A uy sjuaucdwod anjso(dxa JO uojjvzy
-3310vavyd Inl o3 pordepw aq Lem 31833 YL “vofIdua)
1,632y Aq parvajop Bujaq pawmio) pyoe SNO111Y a4
‘grejsotew 1ed180701q piv aye uyp u3133£13012y30 jo
iunoue asuil 10o) €1831 jo sjerq I papjacad sey
€1l "P1d® snolju pus spunodwod jAuvoqied o) aje
~toji0doadsyp K1)avd ‘8)eL1oaphy wo ‘s12)8a AjurIN

IHVHEISHY HOlLnV

8961 TST-99Z:(Z)ET 12§ 7ysudi0y
‘r  ~e3axa[dwo) 4 v paasopd
-X3 Jo sisA[euy anesl ‘N°N ‘twiay
1°d's ‘emawys feycg ‘seyjaeq

"9L61 (61
={SCI:(9)€s *D°v°0'V *( ‘saaysordxy
hh-.-Ud.——: ->.— .Qta_.-.-mﬁl 0?-2;._.&!”* u:
UOT3ID2I| Y1 01 yoeoaddy djIvwaIsig

‘@M ‘uorBurysem 'y ) CJipapIM

L6l 1L601-260T:(S)

{S "J°V'O°VY ‘I conjEeudq fejoiowm
-®0) °“II1 “°83nppsay oaysordxy Jo
Uoj12332@q 33 031 ydwoaddy dyiemazsisg
*a'n ‘voaduyysey yt) I FINPIW

TL961 ‘g6l
i T30S "YI§ OF8uUa 104 ‘[ *spuncdn’
PRI8[34 pue uT1ATFo2IEN JO BIUNOWY
woaB012) JO UOFIINIB g § ‘phojyg

AONA U39y

*T1-11I 319Vl

it

NI seme s

“iiuruiN

CANTRR )Y

Arthur D. Little, In




*AJuo e(uIdE 10} [NjosA

‘g[a1avq unl woay
ga[dwre uje1qo 01 (AN pIoB D1130F YGZ H1m
pouUVISIOM BGUAS U0)IJ0H  pral 2103 31521 Iy

‘Hpuncdwod aand o) Afuo pajidde

oq uwy (7 ‘wawdainboea az[e fdurs Joaej
K{aAgiciol (1 03 anp aubjunyay Lrojrwayjuod
se 1dodxe Apniw Uyl uy [njasn rwu Ljyeqoad

*8u)jdues 40) pasn WO IICLIIXI

2anTND puv *aduy 13 JRUCIT *SoT01IAEd I[YFyIA
JO aagsuuva) [voysdyq eone[) 13pmod 653 (Muas
VT UN JO GCYIRD[JIUIIPE 10 SUOIFPUOY Y],

UL ABRZFIUNSTA J(IIAW{IO|0;  IEDIAA)
-U] jJo ¥aAlEOTUXD [C1IAD8 JO VOFIELDTJJIVAP]
aryie3jirnb Jo uofjrcwayjuad 10) FUOFIFPUOD L

¥l ‘L A7 UOTIEWAIUOT)  "81IBIINA IUIALO9

JO $3757312ud 2TQYISTA UV PIWI0)aad 9q Aww
€363 °"81ud) Isow 3v) paifnbua Jmu Jujren))
©363423U] )9 saajsofdx2d [viaA3ds 10] B8I¥2] lods

TUOYIBZFITUS A
2J139m) J0[0) "BDA]SO[dXI 131)0 BNO)ILA O
9IIBII4 U YYHW JO BOEIUWATJUOS 10§ PIBH Y)),

SLNIHIQD

(QINNILNOD) SNOILVIID 1nddASN 40 AHAVEO0ITHIC

*SWW pue ‘($3) Kdodrsoiidoale
wouswd *AydvaBoyper Les-x 1)os SufLIIEIn sONpISII
Jousund YIfa [rop (118 on 1adwd WYy V) “sIInpUd0oad
PRICAIIIUF JO 31108 ® aq PINOYS A10Ivieqe] DDUITINR

J[BUNIV) € UL HEINPLBII JONSUNS Ju uolITUTWEXD (L

CPAATS VDAY ABAI BN WIBIIT] T IAIanA SujuqmIsIdp
uj dyay afqenyea apyaosd ued gavv1) DPTIRIIE Y)Y
‘oa03a23yg  cAujuea(d [ENSN 313I) VIAI [INIGQ Y]
IPJEU POVER VD 3q 03 P33129URD 31w €32u1] IJTIVIIN

spasedaad uiseq sey spunod

-WOD PaIR[3X pue ‘SAITPPY ‘srulppaBup asysodxa
21qyss0d Avew puv upunodwod 2a3s0[dxI-yd§ vomsuvd [V
Bupaanvy sww.13013133de PpRIRIJu} Y9 Jo uuyiv[jdmon y

*33Fa3Tu

01 wadnaa Bujziyunsja ayl jo L3127 rads (() pus
‘gsaregd dpqduadorvwmosys aaker-wrya ue payderdojrowoaud
228 A343 vaym e2%0]) I JO BINJOA Iy (Z) ‘auolade

up L317¥9n|o8 pue KBojoydrom orrjr1ed ([) uo pastq

Bf 3anpaaoad AL CpRQIISIP $F 1apmod 883 IRoNR

Jo sayel) pouanq Agrwirted 10 pauanqun jo L1giuapy
Y3 Wi} jUod 03 aanpadodd dajsuAdxXIU pie I[(dms ¥

*spunudmod aagsoidxa djuclio

pasn ATUoOWWOD JO UOTIEB1] JUODd N 10) Kaojuwioqe] s
ug pagn spoiiam (J11) dfydeadojemoryd aadkej-ulyr ayd
830983ad 7 331€d CpPISENOSTP FIIA BINPIEIL IAJsO[dX
puy BaaTs01dXD JOo Julualads ayly uy Li103wioney £y}
Aq posn 51527 TedJwRyd 3y aoded ©14d jJO | 1ie4 Uy

+223y uaafd spoylam a3yy) g pRIEII IY VLD uuv}euy

-uexd [edrysiyd Lq punoj 83d>13avd aajroldxe posoydxa
~un Auy - pauasaad AT BINPIBVI IAJEN|IXI PUB BIALH
~afdxa ug punoy spunodwod d>[uvile puw auor jo auqunu
J02T38 L WD BYIA] ANOTIEA JO sITNBAL ayY) 1aded Ry uy

‘NVHK JO

GOFICUT@MIBIGP 2AFIEIFIEb I IO UIAIF Fav ganpadoad
Jodud wiql uf  caAajuordxd 3o 3dK1 sTYy) 3o dsn jqjusod
341 20 ) SINPJUIL IZALEUD G) J[QY | 0O pAISU Y)Y

Y1IM N0 00D 8M) ST IBFEIMD XIs00A0) YL " (NVKN)
3111 u ufme] Ly rawouon pUY (NY) @1B41TU ENfUGRDT

aae sIugpeaBul Aaenpad Btioyn HUOTIVLIWIO] YI[R W)
dupoudaa ¥y pue er)juruip poseq-ujadIf18oalju 3o
Fupanoe goune 3y JupnuuedIsp Y 2] IV PIdUnOUBE
AQ3090aa 68 U] ' 0] § SINOWAN IP JUOGRp 1Y Y

1OVEASEV WolLav

TRLET BR-YRL: (V)60 1S disSuaaoyg
U TROnPEEAY Jaysaiw) 0 uo)
-eujmexyg Sy ‘L1334 D) ‘euolsg

TGE6T fIST-DG1iREe B21I0S
A2y IDY104 "W}I) CIU] R
a1713%2f0ag 19 ‘wasI oA tugugy

"U961 60S-S69: (Y)TL "WIYy Cyruy
sAdonrsnaynads paavajul Buynp saaysojding
Ju syedjuuy  "p ‘sydjiapady v
‘FLTaIsed U wplun fq ‘eadastayg

‘0861 ‘189-6/9:(f)CZ

TEMG IT9UAI0Y [ CSORUTJ IIPACY I
~3qomg 10 AIJIUOpP] pUE ADUSEDIL G M)
Suimafjuc) 10) Banpedol] pudeal
-ojvwnly) 134AwI-uiYL ¥ V'S ‘3Rveq

"SL6T 19S7-9SZ: (7107

*195 OFBURIOY [ CLydeaBovwouy)
1KET-uTyl 7 31e,[ "EIBPISAY IATS
-01dx3 )0 SisLiauy VT ‘sIimamyy
SR ‘uaAQd 1y ‘anyary

*SL6T COYT-1L1:(1)0Z "128 dJpuaiog °f
*818aL [EO[WaYD T lavg SAnp|say
2AJ801dx3 puU® BIAIE01dXT jO STEARIUY
WL CSTI0IY TN tudAa(Dy

L0 W ‘uosuadalg tyty ‘ragsey

"CL61:092-523{T)0Z

“132G ISUIA0S Cf  CAILRVIN dujwrlyiowm
-ouoly I di1ed ‘920ppsdYy IAaTsOTdX{ pwn
82Ajuofdug JO BIvAIChy Ty ‘aoniry

*1-11 3719Vl

Arthur D. Little, Inc

{

ot

i

WAULON
TONLAV

IPURPO W W weeey




ranbipm22) A102uma} U0 20 BujudVAIS
60 3daoxgd Apnis BRI By [N)I8A Jou A[ywGgoad
teanpfsax puv spunodeo: Iawd Jo SH i4-1D

CUOFIDZTTIENSTA D) 39M] 10[0D
LINL 2y saj11andu vu Bujaandde Kjjavujpav
6IA}SOTCXI [BIAINIS IU) WUOTI[PUOD J]L

c@a3rjans Jo Ju)jqqess 10j UO)IVPUIEWOIIY

*uoyIeIFIUNNDd Ul 8313[ND

-¥33TP A(axy] Jo asnedoq anbjuwdal Bujuaaize
se 1daaxa Apnie @1yl uy [njIen jou Ljquqoad
f+p31 12VaRI-6d] 1nuuvapAy Aq paanydeinuvu (VIA)
13zAeuy adcay Jodep £q siodoa o wojldelag

"UOFIINAIND 1UAATOR (7 Aq pamOIlo) ‘sunpisol
2ajsoldxa pavinqun jJo UOEISITIP 10 uojied
JJiview mo[ 12apun STAYIP JO uoTleUimuUXd e} i1do
(1 93A10au} vaTIRTpPUIIU] pu@ e3Aj90dxa Kiu)d
~T1I® puw ‘1B)I13we0d ‘spvedwoy jo 8I}IfIUENnd
23F13 JO UOEIEDFJIAINIPT 03 Yovoirdde pIpuamwodrdy

*A130w0132d8 sure n0}Ie2
~JUOf TEOJWIYd Aq UOTIVWL]JUU) °SIINIXEW WOI)
INL ‘%08 ‘ON Jo uopiwivdas 103 sSLOFIIMIOD idH

S ALILT Y

Juop 3N N0 IWOT Jritp] puv vosjaedmnd Lauviqpy
1223039 SEHR VOTINZIUO] [COImI) A9 IndmOd 101Iuad ©
duysn g caysadu vgce pazjjumion parvinqud puv pajlopd
oduf viIInE SNVE PIPIOIIX NI FuTIIIAN0D JU BIVESUOD
W jIjegnboe vIvg  “spunudwcd DTSUIIG] Jo BOJIvIY ]
~JIUQPE 2941 JO) poylIm [EIFIL[VUR UL B PIITIASHOBIP
UG Y SH-13 YIFN UOTIRUIGEDD UE SH-1D JO 9NTvA Ayl

s19de] vIy)

) U palkiodioduy A113313p s} JtoBeds Bujdogarep
oYl JO JOIDNPIL NI YOIYA Ul pPIY) JISIP 8] poylam
vog1d31ap anbjen v ‘voritppe u)l  ‘sIj31anday apead
124 310npoid BORROD 58 119N B8 VO] [SOUEODIP O SILnp
-02d U0 IDNPII-UCTIUPINO MO BUTPN[IU] ‘SIjITandm]
JNL-D O UQJIRIJJIIVIP] Puu volIwandas |2 J0]
PoIoW [l TOUOTSUIE] P-OA) ¥ 9G] II9IP S[D]13w EJIL

TPIqradNIp 9
36N 1J3Y) 3O uv0}3IeI|I9320T I uy sanbjuda) Imes
Uy puv ‘soua)ju BuiqeIlq U] SIAEUOLdXa JO ISn AL

*I®Ja2Ive 39R|qQ }O SUOL)

—2011%X0 UIA{us ®O21] safdmes puvw E3I1251ivd IAFBOTCXD
pl1dedena pa..owdd AT[edreiyd £)33v3ap) o) pesn By
Aydvido10m02t]3 23KRT UFRL "PRESNIBTR B INIPTAI
Tudysdyd jo eadfy 13gi10c Ul sasn puw eIAjvo(dxad
P2122338 Sugiedo[ puw 611qIp quwoq Sujuaalls Uy vip
M3 o voIvdPIdde Yl °“SIATeCfdxe JO SIJAI UITIIRD
}JO §33w11 10) €1133p quwoq Bujuuvds 10j o0 IATqE
-NlCA 7 2¢ 0] puno) Cem (Vi)) 13zLTeuy D3] rodTpa ¥

- parvesaad

1% 8oNPIsI3 qwoq (ourdky Jo sydwva¥ojund pue sajdeexy
*SITIACEPUIIN] 10/pul BIATEO[dXI Jo 8dL) Snojiea

343 10} BJiIGIP QWOQ JO UVOFIRUTNRXI Yl U uIxed dajs
1631} 3YI 6 pur £10320poijul OF ] 2Wed  “PIQIAEIP
8] RISED [UNIDE U] PIIIJUNOIUI GIITAIP IAJIINIESP
Laeppusouy pue saaso(dxa JO UCIITITIFIUIPT YD

WA duyreap ‘elied [radARs UT ‘seayde sysiieuw uy

*dujyeoq [UNJDV ug IIVINMLE O V0T

-0 PAFI0IIU0D 13pUN SUOTEOIOXI 3923 WU BAINPEEIS
+1dw}e jo sysAfvue 3y 03 pajidde uanqg sey Ywvoidde
SH-YT SVUI[-]J0O 2|1 ~SIAISO1dXI VUWOD WOlJ BIVP

J© S]B¥Q ) UO PITENDBIP IIW ILRINGOB] pue ‘uatloapdy
12318A 'JUCyl3E 13A0 SIFPIUNADPE S]] PUR POIUNTRAS
U33Q BLI| UOTIEZIUOT 19I18aYd 10]) sed 10o8waa v e
QJUOBWE JO DEN AL °SIAJROIIND JO VOTIWI) JJIVIPF pue
uolIe[ue] Y1) 01 pajidde u3IDq »avy A110W033deds scTm
(eoymayd puw AyduiZoIewolyd pinbiy dourwao]rad ydgy

YLy

TYL-THL(R)ZT CHAS dpsLdI0g
" waajsoldxy pur s¥nig jo
UOTIVITI IVIPL DEsUBI0OY U TITY
1e13133dg sery $ujrsadarsyuy pue

duys83d03g "5 ‘ujadgz fr ‘uoujqa

‘Y961 1ZH-8L:C1 "a¥oIvwoI) Cf

*AydeaBoieroay; ke ugyL £q
JUIN[0IOIITUTIL-D U Sa}I}2nda]
JO WOTIVIIIFIGAR] NS ‘upnsey

“YL6T Z01-66:%T 125 2)suiog
SC CISTIUITIS YL pumR jrugmyi) Ay}
Jo sanbjoyday I;W)--8sarso1drg YA
s2302) 30 Surgedag -r-y ‘doyrey

=6€ct:(L)ys

“3'YTOCV f  "sanpieway aaiso)dxy jo
GOTI23A3G Y2 01 Yoeoaddy djrewmlindg
W'D *1IPIR fraa ‘vorlupiuep

“CL6l P2R-TIR
1(¥)SE "DV OV f  “sanbiogua)
d18%g | -sInpieIY Irjsoldry jo

uot1333aq 3Y) 01 Yowoaddy dyirmisdy
U JIVAPIM taTa tuorRujysen

“LL6l 1yYOTI-6101

1(2)6y "®a) “[euy - (133m01159dg
SREY WOJIVZIUOL [N pue
Aydeatoyomoayy pynbjl aduvmasojaiay
Sy £Lq saajsojdxy jo gfsAJuny -t
‘sjaacy U tg taddaey 1 Clanlo)
‘evrg 'uIsaddy ‘g ¢ oanny

SAN3IWHOD) IOVELSUV wlny FONRELIIN
(QAONTIINOD) SNOIIVLID INd3ShH JO AHAVYOOINEId ~T1-11 A79Vl
- L p = R - ' - n [
| SRR i AN LR N4 N A " B " Ad ‘ - ow v

ST

oy

1y

oy

THATON
EILLNY

Arthur D. Little, ln{

14




*H3udBeal Lvade Pa3deTes Suisn eonpoad uolinau
P210102 jo uojiemi0j 24l YEnoayy S VOYIZNIePp
SIVIAIIVY JO BIDvJINne Yy, wqmoq 1333137 pus ¥enoed JO J0J1IXI AY)

Vo A11301Fp PAIED[EAS pue pImsojiad 13A 81933 U0 EaNPIBIT IATEOTAX 12912p [TIA YITyn padoy vaap

194} 8y wdejuvapy

"X(0¥ pue INL 10§ 831833 Jodg U33q WY WIIWAS AwadB WOTII43p IAjsoTdxd vy

‘POqIa83D ¥ ‘1311PW, ENOIUSUIXI 1940 [UE JUOj

dupaayiaiuy A1qiseod ®01) puw Y0 YOI8I WO 18IIIIUY

Jo 18108 2n0) oy AJJIUlPpY pur ‘Irvsedas ‘ajea)

*Ajuo ®1¥30W 10] [njosn ~UIDV0Y *azJ[ed0] 01 uUIA0 Jaya I8TIR YL JO IEN Ay

SINIRHOD LOVELSRY wourLny

(QAaNNIINOD) SNOILVLID INJ3Sn 40 AHIVEO1T1dIg T-11

TL{6T 13qmaIdas “ggi-dL

CON 120d3y "$°1°1L°a@ "93AJROTGONY
PRI123198 20] 1Y VOJ13219Q S1qelilog
?1dmjs v jo Juamdolanag "3 ¥ ‘uwiy

"9L60 “0L1-191

()12 “19% JI6UII0G I SINPISLY
JOYeunN) WO1j) FIRIH IDJCIL ju WO
~2@39Q 341 10) anbjuysaircidyy prdey
¥V C¥"q *Rujesqdg -3ty ‘uawog

AONIEITIY

d79vVL

(4]

5%

WIAHAN
FILEV

15

Arthur D Lirde Inc




Arthur D. Litde, lru:1

P g
[ R™ N TRDY -
. i
. . . y-
‘-
Spwmadn.s teqid arg S itaypent e
1"
. ey . 0y
- )
[] El]
. . n < L] v . "
- A1)
» L] - » v * s
. . . . ] . ]
[] [ = L] L] . "
L | L] il
[ . [ » "
. s
#ay 84
‘ojon
LI Y €
L ZNES "
= or
LI T S
] (] °:
b (%4
. . Nel
= L] a L . - bxd l
™o [H
. » » L] [ 4 » w
3 ] s “
- L . [1]
1]
o v 2 1" .
LA B ©w
u . | LI Y] 0« gng . [ "
Ba O L L] \Ld
v-ot's LLE {2 ] wi-ee fTe-1'e ity (2]
» LLE . [ . L LICRE N n
Tes) 83101118 sy D)) rede  mng "
ladl "ot -t Se -0, o
LS 8o -1 %1 L8] L O] .
[ . . L3
. . . . ‘
. v . . . » Y
pLI LY
= tes” bR PN A3
1 .
- " - . ‘
Ln-9"y
o) Ya g L 21
. )
& V) 1%} £orSsom (aid ™o W) (riy” T Tevalr’ liieinad TAn endjesio] TTiRnd T T dweeb LR I FUN ey
ie 9 wpereny e "y ougInrign LI XTIV Y LT FITRTRTY ™ -y'1) AN a2y
- re ongenay) slamrnhry -jdqren -erg "1pigidse wusjaqr1m aomenny RIRILINT]
-1dnend oy ~ynaegaky -mavqugy
RYITLIETY
“eTyy

SNOLLVLIID QALST'T NI CANIWMALIA SALATVNY *Z-1T1 19Vl



i |
.
3
L

b

Eg
\
.

)
N
:

Lt ae al ey SAAng g g o e ()
o) mepynede oy WP EETYS] Lo agee . S5 0

Y Opde emay miiegy epedey | o erma)bog UM o HIIN
EUTIRTLAEEN
IR TR T TRETYY]
- W P T T Y T T T O R RI PUP

AcesiaBatngl 200K - 4N
LI RTTTU ORISR, V1

w1 AJrey e Irals y ROl o WYY
Losmmm 1y Bupddy 1 sypeey - poy

Arthur D. Little, Inc

"
-~ m s . s m~w o

sisag Was Aewneidid [X Y Trequw

ST SPR ; i Bmis A Vv W nim B
swis mjEal W ASY -1 i vy aux SIY vy N ;
oy oy 13 dn LIEIR T
" ewin T T T vl TS TerEAen KLRULY paing L L TR TR O TE T K ST CARL T ITLLLIF)

00 paame g P I30dT 4vp y S1d0en s nadg jdezensyredy RIL AL LT T P Wy, g poreg)
Spwery woped sy

ooy

SNGTLIVLIID AaLsIT NI GiAW1d053d SAOHLIW TVIILAIVNY  "€-T11 H79VL

2 PO I Y L

Bnel 6. oAbt s Atesneles e b




e ——— e

-

4 .I...

voy-Coy

.4-.—~ ——H—) 20000
PPAIKqo 2q prnoys 0103 Jegajug
‘U1 wy gng ®I1A poonpoad
1003 ‘N Jo doudsoad Y3 1y

sadweipy 3o I8

1833 s

U} J0ojoo ongq e SAE ey
shopIcImIog A sordxo ng punoy
Afuosmod - pdme AQuo a3 sy gy
f3,05T It 1803 dupjeadaa AQ Xy
WLy potpignSduyyn o I Aew (xMn)
..::!r...u__..u....:..:U_a._.:lr.uuwu
-ClD go 10102 vaasd-any ajeyg

DEIFEFITTY

SNOLILVLIID QiaLSIT NI QI4I9259a  SANNATI0N

3 ———— - —

(PR

- ak . . dbfs il

RLE LAY " ..__::_..E

Carnd

rogqd

‘nerd yr voe

U R BT Y FINERTINY

BELLTTI RYRNT DRgvenp Ty sy

sdojoanp
LW ujon opdecs | TLYIN

JIL Bo cuon o dunry 1ody

TN xy

2 SR ITER YTV

Can a0 'Na vmorGo Joeaixy

“dopad agy

Tauoy

‘dotarop
‘Ulov ordars jody

"$131 pue apdues XJH

*E14s puw ofdmes xypy

1Tt 1o 838a puv apdues X

wopIcivdon) ey

P Y

P TNT ¥ FYTA

..:._.........l.__ 1) jo -

P2UBa gy 0aa swsnary ) 18

Sy ey WL sl

ol

DUpON mogy W narg L)

A f g

(orm- Paros .....“ ). [N

Tt dogne )y

(R RLTN] s

RT.¥EH g0ura pond
UR TR x...:_—le.___ M L2 R TR I RO 1
.\: taonyp PIZACue Gpduneg o g ey Ul §

._.:z: HVIA pou nvjom saded 19 1) A

THOUJany o)

ILRTHTRISIN HANIE 01 Aoty suotaad o RN .1
Bluawdel § oajsopdyo 10 1335000y Jeayuheyy v
Py paads oy [N

TEIRIX M g uag 4]

TEmICOLf g poad s p

..-.)-..._ ) -.-d.n.-.:-?.:uw Jo -.;:-J [IIVESS IR | ,-: .I.—:-P.-_ .—.- PETEN ] -_ -.—...b_.._ __
TSPEIY dowhfod sncsod Jugujeyua, RN Od a0k wo wiodea 123100y 11}
‘sApdwes prepoe g 6

copdmies ssa00d JO voRIntes auogaay ]

fUITJINE wody [eyshad NPIBel 3o 19jvueiy VBT EYATH ¢

AR ELIRFEITEE RPN VNPIEAL ora ey )

TOUEXN] YIIA N0 D Ixy [

TaIN8 smoay sapagp3ecd jo

d9)8urIy [roysiyd 10) pasn ey 2Apsaype Juarudsues adurogjay y
AR faoyya "R poxeos squay 100A uay ) 1

“s3pdavs paepueag 7

CRojdmey ravpuesg ]

aImpisoid Fayy WG

d NOLIVIVITId TTdWVsS ANV INITdWVS

TaN o 1y

“H9-11 TIgVL

Inc.

-~
-y

Arthur D. Litd

L1 A A2




R

AR A L e

“hyaaap
U IR TI AR YTEY e apkers ey

TRINDA oY
SEAEY S fee UOF g0t I
DO Wod) nppsaa

ARy g0 days

[ R R RPN

.- SO JoI L:.‘ .-;w-—u:v
10 Aurpm a3y jugng

TECJI9Ite sun)1aea iy

un fupu)

CNEIDDE SFESTT

(Q3aaNILNOD)

TR pr o dwes EETY]

sdogonop

faed L wo THles apdees gody

rdopoaap

fored oL we ‘Hos Irdwus Todg
‘dogaaap
‘are il iyl wo THjoL opdmes Judg
rdugaasp
1l it we ujus 2ldues oy
cdogaasp
‘awqd )t v ‘upod djdevs jodg

‘ujos 3jdars

U1 300 2vune i 1°0 ppyv

“dogaaap

‘aeyd oL wo Tujos opdues jodg

Tiopuadap poyyay

rdogaaap ‘ormpd g wo ddwuy Jodg

" £q poziyoye -ujos 8ujarusaa
‘puIdwa Ixa *3ujdeaoy Aq siupd w0y
PIA0WIL 1ads paajowsas tpadojonap
‘a2391d iy uo ra10ds “ujoe 2pdurg

woniedvdaiy oy dicy

SNOILVIID QILSI'1 NI aadIdadsaa

STNAII0Yd NOIIVIVAIN4 T1dWV3 QNV

———————— —— —

Tt ; v

gy r————— T
N L | '

T ¢

THMRIIL A e Yy g

TRUGIIC YA bag e xy

P LR TH Y :.— .7.:—:1 _-_..—-.-_..-T.

THeRIN oS suodace up wo (e pavpucayg

*aded aagsoype W43 21931834 10d 20 aunjoor
SYCAN U610 *spuey 10y taw:iane

-—d-] —-_a—.-dd?.—.‘
4010142 1A wopyaraxy

TOUNIIIT "@A0JOI01 D 1A uo§IneaIxy
‘A0 Ul Jujaonw dAjossy

"salders prepuneyy
"TOH H s 0 (2) WB133ap (1) uy PURY sy
Lo w1 vp puey ysen

T N T vy pucn gy

TPu0IIIe Uy poyeos BQUAS uol o))
*EIskienn gaeagg

TA2ea Joy ‘suviany IME IR veTadeaIxy
‘SpURYy Jo ysua a0jTA MrIIE g

*qupqioys pue SpucYy woaj spunodavy 1~
21 2doadde uy papwyeas sqens |

UOT12T1Ix2 J0) posn IUdnjos
N U0II0D fuop)nedIxa A ug

"saTdwE S pavpuey S

dinpatory Jupdmeg

ONITdWVS  "%-11 7119vVL

Yl

(Y4

82
Lz
YZ

194

X4

61

TON S0y

Arthur D. Little, Inc.

19



Te /W WA T OO T e e e
al =
- T TR W T Ty e w e
i e e el il

TP Eeas Il P C pem ° 2dpw
A9313) W “wjen Mqdums sovgy

Ay 2nnp
CAatd 31 @8 Csjen SpdmEw s

TAV[BD JaLIEgD ‘qeas 02 "B rev

Tdojsasp cared oy we
‘Uies Jfdwrs Irdu 10 1yj10d oy

WIIUIRS 2210y voypreindasy spdms
EH ] ) d 2t S

(QINNTINOD) SNOILIVLID QILSIT NI QIFIYISIA

(AN LS W AL B GP S IR AT SIS

Lad R oo TR NS . BN |

TIMILAS S AR Bel] Jesales e

S MIAAESS LD YT PIRLS 2B SOl aal ® SilmalEwE | aed .,
TRbe il P &) S dmrs porpee iy

P

Twiedra e BGL Lo 3G

N TRE FRYY]

Waalws ‘o) ] ) jadem A JIER Io) W PRI | CO) M

RS I IS o cade fsdidmwx PrTpamy

‘e o
Vin Soima “wpmey 205 am qita e iesias e sog

TP D1100F (T NN PIBIIEIOR SyTas mo) e

"SI dmrS parpmriy

TONTINAINS IR
30 ‘el a2jsea) ‘€a]]ji0d Il y)s|a JO 23w JEM iy

anpasary Jejjders

53UNCID0Yd ROILVAVITIL TTdRYS NV ONITGRVS

r
¥

«

comg SOty

"y-11 F1avlL

Atthur I, Litde, o,




y - == =~ FrE W W ¥

[ T e et S T

A s T T = TV W _ W W W W TF W Ty R % oy T =¥ = o " ’1

C. REVIEW OF SPOT TEST CHARACTERISTICS:

AL the request of the Technical Project Offirer, a review of the spot
tasto used for detection of explosives/explosive residues was carried
out concurrent Wwith the literature search to determine whether those
tests could be used for in-situ detection of explosives on the surface
types of incerest 4in this scudy.

Tables 71-% through I1-8 1ist and describe selected characteristics of spot
tosts which may affact thair suitability for use for qualitative analysis

of explosives/axplosive residuss on the surface types of interest. Tables I1-5
and I1=6 lint spot test methods and characteristics by analyte. Tables II-7
and 11-8 list spot tesc methods by reagents used in the respective methods,

and list and describe sclaecteod properties and characteristics which may be
exhibited by those reagants when used under the conditions specified in

the mathod.

©0 evaluate the data included in these tables, we defined a set of minimum
criteriam which a spot test proposed for use for the contemplated qualitative
analysis should aatisfy, Thes¢ criteria were: (1) the spot test should
parmit rapid scraening of large areas; (2) it should be sensitive down to the
agreed upon detaction limit of 0.5 ug of anelyte/cn? under various surface
conditions; (3) 1t mhould be specific for the analyte of interest; (4) 1t
should not result 1in an irraversible chemical reaction which would make the
analyle unavallable for subsequent quantitative tesring; (5) 1its use should
ol present an unuoual hazard to the operator due to the toxicity, flamma-
Lility, or other hazardous characteristics of reagents, rcaction products,

o veaction conditions, and; (6) 4t should not result in a net increase in
the amount of contami.:tion present in and on the surface tested and should
not {n any other way affact the suitability of that surface for any projected
future uss,

The overall finding of this evaluation based on the available data was that
thete 1» no single sput test or combination of a few such tests which satisfies
ell of thesa criteria., More significantly, most avajlable spot tests
typically fall totally to mest one or mnore of these criteria. It is possible
that mod{fications could be made to available tests to improve their
performance in this regard., However, the developmental effort required for
that purposs may bu substantial, and it 1s not clear that improvement in

the parfornance of s given spot test with respect to one criterion would

be sccompeniad by similar improvement in other areas.

In supmaty, our view is that availabla spot tests do not satisfy minimum
criteria for qualitetive analyeis of explosives/explosive residues on
butlding materia]l esurfaces, Ve do not recommend that developmental effort
be expanded on apot test methods except for those analytes or conditions
for which nov more- or equally~promiging methods can be identified and
davalouped.
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Notes for Cclorimetric Spot Test Tables

Literature numbers:

1 through 47 correspond to jourmal articles 1 through 47 listed
in Table II-1.

F) 1s  TFeigl, F. and Anger, V. Spot Tests in Inorganic Analvsis,
Elsevier Publishing Co., Amsterdam (1972) (6th English Edition).

fz is Feigl, F. and Anger, V. Spot Tests in Organic Analvsisg,
Elsevier Publishing Co., Amsterdam (1966) (7th English Edition).

(a) 1s Christensen, H.E. and Luginbyhl, T.T. (eds) Toxic Substances
List: 1974 Edicion, U.S. Department of Health, Education and
Welfare, Public Health Service, Center for Disease Control,
National Institute for Occupational Health and Safety,
Rockville, Maryland, June (1974).

(b) 1s Sax, I.N. Dangerous Properties of Industrial Materials,
Reinhold Book Corpcration, New York (1968).

(¢) is International Technical Information Institute (ITI)
Toxic and Hazardous: Industrial Chemicals Safety Manual,
Tokyo (1976).

Abbreviations:

cat - cat

dog - dog

gpg - guinea pig

hmm - human

inh - inhalation

ipr - dintraperitoneal

ivm - i1ntravenous

LD50 - lowest dose 507 kill

LDLo - lowest published lethal dose

LCSO =~ lethal concentration 50% kill

LDLo = lowest published lethal concentration

nky -~ monkey

mus -~ mouse

orl -~ oral

rat = rat

rbt - rabbit

scu - subcutaneous

TVL - thrashhold limit wvalue; the concentration

of an airborne constituent to which workers
may be exposed repeatedly without adverse effects.

Arthur D Little Inc
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D. FINDINGS AND CONCLUSIONS:

Among the overall findings of the literature search and spot test review
are the following:

¢ The literature search indicates that most of the prior work in
this area has been done by law enforcement agencies, and those
agencies have, for the most part, concentrated on the application
of spot test methods for the detection of explosives: quantitative
determination of explosives has not been a major concern, except
to the extent that these investigators have attempted to
demonstrate the range of concentrations to which their qualitative
detection methods could be applied. The Army, also, has relied
mainly on spot test methods up to now in explosives contamination
assagsment work. However, as noted above, available spot tests
do not satisfy minimum criteria for qualitative analysis of
explosives/explosive residues on building material surfaces.

e Other investigators have reported explosives determination
techniques involving analytical methods ranging in sophistication
from visual examination of residue under low power magnification
to mass spectrometry, including in hetween almost ali readily
available modern analytical techniques. Sampling for quantitative
analysis remains a weak spot. Thus, different methods for qualitative
and quantitative analysis may be required to satisfy the Army's
requirements.

o The use of a qualitative survey obviously must not preclude the sub-
sequent use of a quantitative method 1f two different methods are
used for qualitative and quantitative analysis, application of the
qualitative method should not result in the destruction or loss of
analyte. Many of the methods described in articles collected in
the literature review result in loss or destruction of analyte
and thus may not be applicable to the present problem.

e Recommended sampling and analytical methods should not result in
a net increase in the amount of contamination through tne applica-
tion of toxic or hazardous reagents to the surface to e terced,
nor should they presgent any other hazard to the operator. Many
of the materials described in the literature review require the
use of toxic reagents and thus for this reason alsc may not be K
applicable to the present problem. .

e Surface contamination of the type the Army is concerned with i3 most
likely to have resulted from spillage or dusting of solids or from
spillaze of process liquors or liquid wastes. The latter situation
presents the problem of sampling compounds which may have penetrated
into porous surfaces such as wood or concrete. Most existing methods
do not address this issue.
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E. SAMPLING PROTOCOL SELECTION:

Based on the review of the available literature and discuesions with the
Technical Project Officer and othar parsons having expertise in trace
analysis and explosives technology, the following sampling protocols
were identificd as candidates for developmental testing:

l, continuous monitoring of organic anmlyte vapors using a
poertable gas chromatograph;

2, evaluation of existing U.S. Army equipment developed for
the vapor phase detection of CW agents;

3. din-sicu formation of charge~tranofer complanes with
visual {dentification;

4, UV irradiation of suapected contaminated asurfaces with
aubsequent detection based on thermal imaging or UV
photography of the irradiated surface;

5. Solvent extraction using alternative procedures to
conventional wipe or swab methods.

Protocols 1, 2, 3, and 4 were candidates for qualitative datection of
explosives/explosives residuss; protocol 5, comoined with modtfied

versions of existing USATHAMA msthodws for the determination of explosfves
was intended for quantitative determination, Detailed discuswsions of

the developmencal tcsting of these qualitative and quantitative methods ate
presented in the respective sections o this report.

o
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-I11. QUALITATIVE METHODS DEVELOPMENT

A. INTRODUCTION:

The qualitative methods selected for developmental testing included:

1. continuous monitoring of organic analyte vapors using
a portable gas chromatograph;

2. evaluation of existing U.S. Army equipment developed for
the vapor phase detection of CW agents;

3. 4in=-situ formation of change~transfer complexes with
visual identification;

4, UV {rradiation of suspected contaminated surfaces with
subsequent detection based on thermal imaging or UV
photography.

Detailed discussions of the developmental testing of these methods are
presented in the reaspective gsections below.

The objective of this teating was development of procedures for the rapid
qualitative determination with 90% confidence of the presence/absence of
the compounds.of interest Jjown to a level of 5 ug/l0 cm? in a given
building. The approach used to achieve this objective involved in each
case the epiking with known amounts of analytes of new, uncontaminated
samples of sach of the surface types of interest obtained from building
materials dealers. Samples of conductive non-sparking flooring were not
available for this purpose.

Practical determination of the confidence interval associated with a
qualitative analysis performed in the field would have required access to

a building where the nature and extent of contamination was known. This
condition could not be satisfied by rhose AAP's to which access was
obtained. Therafore, detection limits for positive compound identification
are reported.

At the direction of the Technical Project Officer, emphasis was placed on
the Jevelopment of procedures for organic analytes. No methods for in-
organic species which would represent substantive improvement over existing
spot test methods were finally identified.

B. ANALYTE DETECTION USING CONTINUOUS VAPOR PHASE MONITORING :

The detection of explosive vapors using gas chromatography and other
analycical techniques has been the object of considerable investigative
effort, 1In fact, several of the commercially-available explosives detectors
are based on this principle. Available explosives vapor detection methods
have been used with varying degrees of success for the detection of bulk
explosives as, for example, in airport and a.rcraft security operations.

Arthur D Little Inc

P T N Pt S v, S o

- o



1

Detection of explosives/explosive residues on building materials surfaces
using continuous vapor phase monitoring could offer the following advantages:

& By means of one or a few measurements, all the surfaces
composing an entire enclosed area could be effectively
screened for the presence of explosivas;

o The analyses could be performed on or close to a real-time
basis, making it possible to conduct ''walk-through" surveys.

Unfortunately, however, there are several potential difficulties with
using contiruous vapor phase monitoring for detection of explosives on
surfaces, including the following:

o The concentrations of analytes on surfaces which are of interest
in this study are very low;

e Further, the vapor pressures of most of the analytes of interest
are very low under amtient conditions;

® Most of the analytes of interest are strong.y polar ani thus
adsorb strongly on surfaces with which they come in contact.

These factors have, in fact, largely precluded the effective use of vapor
phase detection methods for many applications where the detection of other
than bulk quantities of explosives was attempted.

Two tvpes of recently-developed analytical instruments were evaluated in
this study to determine whether theilr operating and performance character-
istics made possible the detection of vapors derived from explosives in

air immediately adjacent to surfaces spilked with explosives/explosive
residues. One was the Photovac 10A10 Portable Gas Chromatograph (Photovac,
Inc., Thornhill, Ontario, Canada), a portable gas chromatograph with a
photolonization detector for which detection levels down to parts per
billion for various compounds including nitro-compounds are claimed. A
technical representative of Photovac, Inc. visited Arthur D. Little, Inc.
laboratories to discuss the application of the Phctovac 10ALO Portable

Gas Chromatograph to continuous monitoring of organic explosive vapors and
to demonstrate the performance of that instrument used in its continuous
monitoring mode for sampling of air i{mmediately above a surface spiked
with known amounds of selected explosives. During that demonstration,

the Photovac 10A10 failled to give any observable signal when used to sample
the air immediately above tBe bottoms of Pyrex glass beakers spiked with
the egquivalent of 125 ug/cm“ of RDX, 2,4~DNT, and DPA.

The Arthur D. Little, Inc. Project Manager and the Technical Project

Officer also visited U.S. Army C.S.L. Laboratories to view and assess the
performance of U.S. Army CW agent field detection equipment when used to

sample explosives vapors. Three ionization detectors, including the model

in current use and two prototype instruments, were evaluated by sampling

the air immediately above the bottoms of Pyrex glass beakers spiked with
various concentrations of RDX, 2,4-DNT, and DPA. Each of the detectors gave
what appeared to be an cktservable response at or near the agreed-upon detection

36
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limic of 0.5 ug/cmz. However, in no case was that response sufficiently
large to assure unambiguous detection. It was judged that none of these
instruments appears at this time to possess sufficient sensitivity to
warrant further investigation in this project.

C. ANALYTE DETECTION USING FORMATION OF Ci'ARGE TRANFER COM .EXES
WITH VISUAL IDENTIFICATION:

1. Background.

Charge~trangfer complexes, particularly molecular additio> .¢m° '«
have been used for years in the isolation, purification ara 1d.» 1zation
of organic compounds. Among the better known examples are -he  _ition
ccmpounds of 2,4,6-trinitrophenol (picric acid), 1,3,5~tr.. .trobenziry
and 2,4,7-trinitrofluorenone. These nitroaromatic compoun.; ace clarge-
transfer "electron-acceptors."” Their complexes with "ele.trron-dor rs'
are usually formed in 1l:1 ratios of acceptor:donnr, and ths ¢cw -:ien
exhibits properties differing from the ind*vidual c-Twponents, e.3.,
color, crystal structure, melcing p.oint, etc. The pond s.rength of the
addition compounds varies from very weak--on the order of van Jdc¢~ waal's
forces-~to moderate strength such as in hydrogen bonding. The wimple.
aromatic hydrocarbons, e.g., durene, naphthalene, and anthracer', are
typical donor compounds whose complexes have the weaker type of bonds
such that tne solid complexes can be readily dissociated by loi . of the
donor through volatilization at or only slightly above room temperature.
Solvent action can also be used to remove the donor compound from the

complex.

In the interaction of nitroaromatic hydrocarbons with the simpler
arowmatic materials, visible color due to complex formation would be
the simplest method of detection. In the absence of a good color
contrast, the known property of nitroaromatics to quench the
fluorescence of the other aromatic compounds could be used as the basis
for a less simple detection scheme. Of the donor compounds mentioned
above, however, only anthracene has a fluorescence at visible wave
lengths such that i1t could be used without an instrumental detector.
Still another combination of a physico-chemical interaction of a
fluorescent donor with the quenching nitroaromatic acceptor compound
as part of an energy-transfer system might also be used to increase
the sensitivity of detection. Work performed by Arthur D. Little, Inc.
on detection of polycyclic aromatic hydrocarbons indicates that less
than nanogram quantities of anthracene can be detected by virtue of
that compound's energized fluorescence. The interference of nitro-
aromatic compounds with such a test should thus permit their detection
at a corresponding level (cf. Interagency Energy/Environmental Report
EPA 600/7-~78-182, September 1978},

In summary, in-situ formation of charge-ctransfer complexes for the
detection of explosives on building materials surfaces offers the
following advantages:
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(1} Sensitivity down to the desired detection limit of
0.5 ug of analyte/cm?;

(2) Speed: the chemical reactions used in this application
occur under ambient conditions; relatively easy and
straightforward methods for dispersal of the required
reagents over large areas cf the surface types of interest
are avajlable; and wvisual observation of colors or
quenching is used as the detection method;

(3) Manageable hazard during and subsequent to use as
compared to similar spot test methods; and

(4) Reversibility: the charge-transfer complexes used in this appli-
cation can be destroyed relatively e:nsily leaving the original
analyte intact and available for subsequent quantitative
testing.

2. ’reliminary Experiments

Whatman No. 42 filter paper was used as a substrate in place of samples
of the actual surface types of interest in initial spiking experiments.
Filter paper or the equivalent 1is customarily used in this type cof
work since it provides a convenient means for manipulating the small
amounts of chemicals involved and also provides a nearly ideal visual
background for visualizing the colors or fluorescence of reaction
products.

Acetonitrile solutions of three of the organic analytes--2,4,6~TNT,
2,4-DNT, and RDX--were applied to Whatman No. 42 filter paper in
quantities sufficient to yield concentrations equivalent to 0.5 pg

and 50 ug of analyte/cm* (= lx and 10x the agreed-upon detection limit

of 0.5 ug/cm’). The acetonitrile was allowed to evaporate, and the spiked
filter paper was then treated with cotton swabs which had been immersed

in acetonitrile solutions containing 100 ug/mlL of the electron-donor
compounds durene, hexamethylbenzene, naphthalene, and anthracene.

The filter paper was then examined for (1) the presence of colored
reaction products, or (2) quenching of reagent fluorescence when examined
under a UV lamp. First priority was assigned to identifying a reagent
which gave a colored reaction product which, at all concentrations,

was clearly visible to the unaided eye under ambient lighting conditions
and was clearly distinguishable from any potentially Interfering colors
or surface irregularities., Detection of a reaction by observation of
quenching of reagent fluorescence was considered acceptable only if

a colored reaction product could be identiiied; in that case, the
observed quenching should satisfy the same criteria as above.
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In an effort to identify an electron-donor compound which would yield
a colored reaction product with these analytes, the compounds
N,N~dimethylaniline and diphenylamine were also evaluated using the
procedures described above. While diphenylamine 1s also an analyte

in this program, it was nevertheless considered useful to evaluate

its electron-donor properties since it is often cited in the literature
as a strong electron-donor and could thus serve as a useful model
compound.

At the 50 ug/cm? level, 2,4,6-TNT formed a reddish~orange spot with

both N,N-dimethylaniline and diphenylamine; 2,4-DNT formed a pale yeliow
spot with diphenylamine only; and RDX failed to form an observable colored
spot with either compound. At the 0.5 ug/cm? level, none of the analytes
formed an observable colored spot with either compound. However, when
spiked filter paper treated with anthracene was observed under ultra-
violet 1llumination (254 nm), quenching of the anthracene fluorescence
was observed for all analytes at both concentrations,

On the basis of these initial positive findings, additional experiments
were performed on the nine analytes listed below:

Analytes Tested

NG Nitroglycerin

PETN Pentaerythritetetranitrate

RDX Cyclotrimethylenetrinitramine

TNT 2,4,6-trinitrotoluene

TNB 1,3,5~trinitrobenzene

2,4=-DNT 2,4~dinitrotoluene

2,6=DNT 2,6~dinitrotoluene

DNP 2,4-dinitrophenol

Tetryl 2,4,6-trinitrophenylmethylnitramine

Each analyte was spiked on Whatman No, 42 paper at levels corresponding
to 0.5, 1.0 and 100X the specified detection limit (0.5 ug/cm?).

As 1in the preceding experiments, cotton swabs which had been immersed
in an acetonitrile sclution containing 100 ug/mL of anthracene was
gently drawn across the filter paper. After the acetonitrile had
evaporated, the paper was examined under 254 nm UV illumination.

All of the analytes except NG and PETN were detecr.ed at the 100X level
without application of anthracene; the detections were as dark spots on
the light paper background. (In visible white light, the DNP and Tetryl
spots were yellow.) When treated with anthracene, all »f the analyte
spots were seen a8 dark spots on the fluorescent anthracene background.
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At the 1X (0.5 ug/cmz) level, again only NG and PEIN spots were not
evident until treated with anthracene. Even at this level, they did
show a weak quench of the anthracene fluorescence. The other compounds,
evident without anthracene, showed increased contrast (dark/white)

with the reagent.

At the 1/2X (0.25 ug/cm?) level, none of the materials were detected
until treated with anthracene. PETN, NG, and RDX detections are
questionable at that level. Taken together, these findings suggested
that detection of the three analytes tested at the agreed-upon detection
limit of 0.5 ug/em’ was well within the capabilities of the technique.

3. Formation of Charge-Transfer Complexes Directly on Surfaces.

In an additional set of experiments, analytes were spiked directly

on clean samples of the surfuce types of interest. The acetonitrile/
anthracene solution wae sprayed on the spiked gsurface sample using a
spray bottle. In each case in which the quenching of the anthracene

was positively identified, a lower concentratiop of the analyte was
spiked on a clean sample of the surface type being examined on the
experiment repeated., The lowest concentration at which quenching of the
anthracene fluorescence could be positively identified was taken as

the detection limit for that analyte~surface combinacion, The resulting
detection limits are listed in Table III-1,

An additional finding of thie work was that several spray applications
(1.e., 3=4) of che anthracene/naphthalene reagent are nacessary to
achieve a uniform fluorescence background on brick end concrete., With
a single application of reagent, surface irrecgularities sppear as
slightly darker areas and cannot be distinguished from analyte,

It was also obsecrved in these experiwments that cthe presence of dirt or
other foreign matter on metal and wood surfaces prevented uniform
spreading of the reagent over the surface, Also, care is required con
metal and wood surfaces to avoid puddling or running of the reagent,
which may result in removal from or dilution within the srea being
examined of any analyte present,

4. Solvent Lift Technique for Sampling of Surfacses.

Tre analyte detection limits shown in Table III-1 are higher for all
analyte-surface combinations than for the sane analytes on filter paper.
In an effort to determine whether lower detection limits could be
obtained, alternative procedures for i1solating the anplyte from a gurface

prior to treatment with the acetonitrile/anthracene solution were
evaluated,
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The best results were obtained using the following procedures:

1) Whatman No. 42 9.0 cm filter paper circles were saturated with
0.5-10 mL acetonitrile; 2) the wetted filter paper was pressed against
the surface of interest; 3) the filter paper was allowed to remain in
place until the acetonitrile had evaporated; 4) the filter paper was
removed and stored in 100 x 15 mm disposable plastic Petri dishes
(Fisher Scienctific Co. Cat. No. 8-757-12) until analyzed.

by |

Using these procedures, the detection limits are shown in Table III-2
were obtained. Comparison of these results to those in Table III-1 indi-
cates that the detection limits obtained using the solvent 1lift technique
are lower in almost all cases than those obtained by formation and
detection of charge-transfer complexes directly on surfaces. The sol-

- vent/11ft approach also eliminates the analyte dilution and reagent
puddling oroblems which may accompany the accidental application of
excess reagent.

5. Field Evaluation.

During the week of April 19, 1982, visits were made to Holston Army
Ammunitior Plant in Kingsport, Tennessee and Joliet Army Ammunition
Plant in Joliet, Illinois to evaluate under field conditions the
charge-transfer complex formation solvent lift sampling protocol

. described above. A total of 195 filter paper lift samples were col-

[\ lected at the two installations using the procedures described above.
Seventy filter paper lift samples were obtained at Holston AAP and 125
were obtained at Joliet AAP. 8ix locations in five different buildings
at the two installations were sampled in this manner. Soclid samples
wereal o collected from four buildings at the two installations. 1In
each case, the specific locations sampled were those which personnel

F familiar with present or former manufacturing processes performed at

' these installations suspected were contaminated with the explosives

of interest. A complete inventory of all samples is included in
Table I11-3,

The variety of buildings and locations sampled represents most of the
sampling conditions likely to be encountered in the field. It was

noted, however, that even among nominally identical manufacturing lines
and buildings at a given installation, substantial differences were
encountered between equipment types and configurations, previous types and
of intensities of usage, etc. The significance of this observation

i8 that the development of a generalized sampling plan would probably

not be possible or useful.

Due to safety restrictions and the absence of readily accessible AC
power supplies, only a few filter paper 11ift samples were analyzed in
the field for demonstration purposes. In all other respects, however,

' the filter paper lift aprroach proved to be easy and efficient to use.

' All samples were returned to Arthur D. Little, Inc. laboratories and
were analyzed within two <eeks. Several samples which were suspected
to be contaminated with explosives were reanalyzed at various times over
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TABLE III-3. INVENTORY OF SAMPLES COLLECTED AT HOLSTON AND
JOLIET ARMY AMMUNITION PLANTS

Site Building Area Sample No. Sample Type
Holston o1 top of 1 filter paper
wooden drain 2 life
cover 3
4
Holston I1 bottom of S filcer paper
wooden drain 6 life
cover 7
8
Holston 11 bottom of 9 filter paper
concrete 10 1ift
drain basin 11
Holston Il wall frame 12 filter paper
hase (wooden) 13 1ifc
Holston Il metal wall 14 filter paper
frame 15 1ife
Holston I1 base of 16 filter paper
concrete wall 17 life
Hoiston 11 two feet from 18 filter paper
floor on life
concrete wall
Holston Il corner of concrete 19 filter paper
floor 20 life
Holston 11 one foot from 21 filrer paper
floor on a 22 life
concrete wall 23
24
25
26
27
Holston 11 bottom of 28 filter paper
wooden door lift
frame
Holston I1 one foot up 29 filter paper
on a concrete 30 lifc
wall 31
32
33
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Site

Holston

Holston

Holston

Holston

Holston

Joliet

Joliet

Joliet

Joliet

Joliect

TABLE III-3.

INVENTORY OF SAMPLES COLLECTED AT HOLSTON AND

JOLIET ARMY AMMUNITION PLANTS (CONTINUED)

Building
Il

Il

I1

Il

2

(RDX
reaction
building)

TNT
shell
loading

TNT
shell
loading

DNT
sweathouse

DNT
sweathouse

INT
washhouse

Area

concrete floor
(area covered
15 1/2' x 14")

concrete pump
base

metal strip
a long face
of pump base

drain basin
punp base

flooring
wall
baseboard
door frame
tank base

equipment base
pump base
pump base
wall base

drain base

second floor
melting bay
area (concrete)

first floor
loading bay
(concrete)

first floor
drain area

(concrete)

transite

wall paneling

conerr:te
floor

46

Sample No.

34
+

55

56
+

63

64
65
66

67

68S
69S
708

715
725
738
748
758

768
778
78S
798

Sample Type

filter paper

filter paper
life

filcter paper
life

white powder
concrete
concrete
concrete

asphalce
brick

tar material
wood

white powder
material
concrete
concrete
concrete
black tar
material
black powder

filter paper
1ifte

filter paper
life

filter paper
1ife

filter paper

“2 £
+34C

filter paper
iifce
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Sice

Joliet

Joliet

Joliet

Joliet

Jolelt

Joliet

Joliet

Joliet

TABLE I1I-3.

Building

TNT
washhouse

Tetryl
packaging

Tetryl
packaging

Tetryl
packaging
Tetryl
TNT
unloading

Tetryl
packaging

Tetryl

Area
concrete

sump basin

non sparking
floor

concrete
drain basin

non sparking
floor

shaet metal
dusc collector

second floor
flooring

floor

drain basin

210
+

213
216
217
218
219
+

222
223
224
225

3015

3025

3035

INVENTCORY OF SAMPLES COLLECTED AT HOLSTCN AND
JOLIET ARMY AMMUNITION PLANTS (CONTINUED)

Sample Type

filter paper
l1ife

filter paper
1if¢

filter paper
11fc

filter paper
1ife
filter paper
life
wood floor covering

non sparking floor

white powder

Arthur D Little Inc
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an additional two-week period and in each case the observed results
were indistinguishable, indicating that no observable loss of analyte
occurred upon storage of samples for up :o one month.

The sclid sample 675 collected from a floor drain in Building I-1 at
Holston AAP was analyzed separately by x-ray diffraction and was found
to consist mainly of RDX. Acetonitrile washes of several filter

paper 1lift samples collected from the same general area were also
analyzed independently by a wet chemical method for identification of
RDX (ref. Dept. of the Army Technical Manual TM 9-1,00-214, Military
Explosives, No. 1967, p. 12-4) and were found to give positive results
for that analyte. Several additional filter paper 1ift samples from
nearby areas which contained amounts of dirt and debris similar in
quantity and appearance to that on the samples described above gave

no indication of contamination. Taken together, these observations
suggest that certain of the areas sampled in Building I~1 at Holston
AAP were jindeed contaminated with RDX, that the charge~transfer complex
formation sampling protocol gave a positive indication of contamination
in and around areas where contamination was known to exist, and, in
areas further removed froum the known contaminated areas, the charge-
transfer sampling protocol gave fewer or no indications of contamination.
The latter observation, in particular, suggests that the presence of
dirt and debris of the type found throughout the building did not

result in false positive findings. This is precisely the outcome which
had been desired.

The results of analyses of all filter 14ift samples are represented
diagramatically in Figures III-1 through III-6. In those f.gures, small
circles indicate the locations from which filter paper lift samples were
coliected, Open civcles Q represent a finding of no apparent
explosives contamination; crossed circles @ represent a finding

that the locat.on sampled was contaminated with explosives. Findings -
which were questionable due to very faint fluorescnece are denoted by

the appropriate notation next to the corresponding location in the
figure.

D. ANALYTE DETECTION USING UV IRRADIATION AND THERMAL IMAGING:

1. Background. c

An analytical approuach utilizing UV irradiation and thermal imaging
technology was evaluated for its potential applicability to the
detection of trace levels of explosives on building materiais surfaces.
The nrinciples underlying this approach involved the following:

The area of interest 1s irradiated with an ultraviolet illumination
gource matched to the absorption chatacteristics of the analyte. The
radiation that 18 absorbed must necessarily heat the materiel. A small
chunge in temperature should result and thermal imaging technology might
be used to sense that change in temperature, provided that diffusion

of the heat into the substrate does not proceed too rapidly. - 4

48
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overhangiag equipument

, concrete floor
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faint

Figure III-3
Joliet AAAP: TNT Loading Area, lst Floor
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The technical feasibility of this approach was evaluated by a theosretical
analysis which showed that the estimated temperature increases accompany-
ing UV {rradiation of trace levels of the analytes on surfaces were
apparently within the mcasurement capabilities of commercially available
thermal {maging instrumentation. Subsequent laboratory experiments
demonstrated the practical applicability of the approach. The work
completed in each of these ateps is summarized in the respective

gectione below.

2. Theoretical Analysis of the Method.

a. Principle. The explosives of interest are known to have absorption
bands in the middle IR and in the UV but Aare not fluorescent in the
UV, Thus, ifrradiation of these compoundus with UV or IR light of the
proper wavelength will result in energy absorption accompanied by a
rise in temperature. 1lhat temperature rise may provide the means

for detecting the presence of the explosives on building materia's
surfaces., Because modern instrumentation is capable of precise
measurement of even very oma)l temperature changes (e.g., AT = 0.1°C),
the method may ba extendad to the detection of trace levelc of
explosives. Discriminacion of analyte signal from background
cemperature fluctuatinns can, in theory, be achieved by careful
selection of the incicent radiacion.

A detection method based on this principle would involve {1luminating

the wall with UV irradiat{on of specific wavelengths tuned to the suspected
material's absurption bands and sensing the temperature rise due to the
absorbed radiation. The absorption coefficients are generally so much
greater in the UV than in the IR that a UV method is to be preferred.

To maximize the temperature rise, one could illuminate the wall with a
narrow beam of radiation which slowly scanned the wall. The temperature
rise can be acneed by a Lhermal-infrared deLsctor that scans the wall in
synchronism with the {lluminating beam. The 1lluminating beam can be
either chopped or unmodulated. Bacause the observed temperature change

may be strongly dependent on which beam type is chosen, both methods will
be examined,

b. Chopped-Radiation Methods

By meant of s suitable chopper, the incident radiacion intensity, 1

8y a function of time, t, can be made to heve the form shown below:.

o t

Chopped Incident Radiation as a Function of Time

55 Arthur D Little Inc




'l-,
g This function can be represented by the formula
' 1 =k Io (1 + cos wt) (1)
consigting of a steady component
- I - K I (2)
]
and an alternating component
{fwt
I K I e (3
where for mathematical convenience we have replaced cos wt by eiwt.
' If a lock-in amplifier tiL. .ed to the angular frequency w is used with
the detector, only the effect of the component I, is observed. It
is to be noted that since I, takes on both positive and negative
values, this component of the intensity implies formally that power
- is both put into and taken out of the wall.
If the thin absorbing layer is of thickness d and absorption coefficient
. a, at the wavelength of the incident beam, the intensity transmitted
through the layer is
|
E 1 = (1-R) I, e ¢ o LLR) [ mad dut (4)
t a 2 o
where R is the reflectance of the film at the irradiation wavelength
and the power per unit area absorbed in the layer is therefore
2 W= -%'—Rl I, Q- ¢4 (3)
fwt
‘ where the factor e has been suppressed.
We assume that the transmitted intensity, given by Equation (4), is
. slowly absorbed by the underlying wall and therefore does not
! appreclably affect the temperature distribution set up in the wall.
The temperature distribution in the wall is given by tie heat flow
equation
~2 !
kL eco B -qucor (6)
t
Ix |
where x is distance into the wall, and K, C, s are, respectively, the ;
thermal conductivity, specific heat and density of the wall material. ‘
’
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The solution of Equation 6 is

T = To e | ¥ 7N
where k is the thermal diffusivity, given by
K
k=To (8)

and T0 is the surface-temperature amplitude.

The heat flux density at x = p is

T iw
qsu\[a]-KVlk—To (9)
x =0

This flux density must equal the power W given by Equation 5. There-
fore, the temperature amplitude at the surface is

ady  (1-R) I, (- e"dy
. (10)

2 Yu K C

(1-R) I, (; - e

To - —~
iw
2K ’ X

e, Unmodulated-Radiation Method

In the case of an unchopped incjident beam the surface temperature is

controlled by the thermal spreading resistance r1 into the concrete
wall. This quantity is given by

. 1
1 I ak

(deg/watt) (1)

where a is the radius of the incident beam and K, as before, is the
thermal conductivity of the concrete wall.

In addition there i: another resistance due to thermal radiation from
the heated surface. This effect can be represented by a thermal
resistance r2 given by

r, = L (12)

4 ¢0 T3 a2

where ¢ 1is the thermal emittance of the wall and o is the Stefan
Boltzmann constant.
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r‘,

let P be the power delivered to the absorbing layer by the incident
beam. Then the temperature rise T is given by "Ohm's Law" for heat

(1-R) (1 -e%9) I,
T= (1-R) rP = (13)
K+ 4 eo T3
a
where 1 =1 + 1 (14)
r rl rz

The sample calculations below show that the unmodulated-beam method

is greatly be to preferred. Equation (13) applics to the case of a
non—-scanning beam. The temperature rise will decrease with increasing
scan rate. In actual practice, a2 number of implementations of the
precise methodology are possible. One would be to irradiate a
relacively large patch of the wall and view it at the same time.

The entive area could be surveyed by moving the irradiated patch

and thermal viewer together. Another possibility would be to irradiate
only a small moving spot (more radiation per unit area) and view a
large patch over the time period necessary to irradiate the whole
patch. A third possibility is to view only the irradiated small spot
and move the viewer with the subject spot. The precise implementation
of the scheme will depend on a number of engineering tradeoffs con-
cerrning the expectad signal strength, time available to survey the
area in question, and so forth.

d. Sample Calculations. Based on the formulas derived above, the AC and

steady-state temperature changes were calculated using ultraviolet
irradiation and thermal viewing on concrete and wood. The parameters

of the calculation are given together with their sources in Table III-4. The
absorption coefficient used in this calcuation was for PETN at a
wavelength near 2,000 angstroms. This wavelength is shorter than the

UV irradiation source peak used for calculation and some effort would

have to be made to match the two. The PETN data were obtained from

the Journal of Physical Chemistry, 77 910, (1973) showing a value of

the absorption coefficient cof 5.6 x 10“ cm~! between approximately

45,000 and 55,000 cm~! (near 2000A). TNT in the UV region (near

2325A) has an absorption coefficient similar to that of PETN. Most

of the other parameters are somewhat variable depending on the source,

as the materials (concrete and wood) are variable in composition.

A spectrum of TNT was run in the infrared which shows a maximum absorption
coefficient of abour 7,000 cm™! between 6.2 and 6.7 pm. These data,

which are expected to be typical of most of the compounds in the two
regions, are the reason for our choice of the ultraviolet region for
surface irradiation.
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TABLE ITI-4. PARAMETERS USED IN SAMPLE CALCULATIONS

Parameter Value Source and Comments

Ruv 0.1 Estimate from the Infrared
Handbook

EPETN 5.6 » 10% cm” ! J. Phys Chem, 77, 910 (1973)

apyp (Peak) 1.38 x 10° cm ! ARLCD-TR-78025 (1978)

d 0.56 x 10 7 em Taken from 1 pg/cm2, Cpery = 1-77

Io 5 x 1073 watts/cmZ* Estimate by P. von Thuna, ADL

Kconcrete 8 x 12" 3 watts/cm deg C AIP Handbook

Kwood 2 x 10 3 watts/cm deg C AIP Handbook

CConcrete 0.65 j/gm deg C Harks Standard Handbook for
Mechanical Engineers

Cwood 1.75 j/gm deg C Handbook of Chem & Physics

Peoncrete 1.6 g/cm3 AIP Handbook

P wood 0.6 g/cm? API Handbook

a lem 0 emeee

w 6.28 Hz For 1 Hz chopping frequency

€IR 0.9 Estimate from related materials

T 300 e

o, the Stefan Boltzmann Constant = 5.67 x 10 12 ( wares )

and geometry of UV optics.

cmldeg” )

*
“his value will depend on the precise wavelength, bandwidth,
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Using fornula (10) for modulated UV irradiation (PETY)

(1-R) (1 - & %4y I
T = = ).006°C (concrete)
o

2 YKCPuw = 0.01°C (wood)

Using formula (13) for unmodulated UV irradiatio- (PETN)

(1-R) (1 - % 1
AT = 2 ; = 0.3°C (concrete)
" + 4eo T = 1.1°C (wood)

(-]

The values for TNT would be approximately the same as those for PETN
as the listed value 1is at the peak of the absorption band which
extends out to near 2800A°. The fact that the latter value are

well within the measurement capabilities of commercially available
thermal imaging equipment forms the basis for our conclusion that
the method is technically feasible.

3. Analyte UV Absorption Characteristics

UV absorption data for the analyte PETN were presented in the preceding
discussion. Data on each of the other analytes of interest was also
assembled and is in Table III-5.

it should be noted that most of the data in Table III-5 are for solutions
of the analytes since these properties are customarily measured and re-
ported in that manner. It is not clear that solution data are reliable
indicators of the strength or location of UV absorption bdands of the

solid samples because these characteristics are often strongly fnfluenced
by the solvent. However, laboratory comparison of UV absorption spectra

of the analyte 2,4-DNP in acetonitrile soclution and in a KBr pellet and
showed that the wavelengths corresponding to maximum absorption and the
calculated absorption coefficients are quite similar. To the extent that
this 1is also the case for the other analytes (and depending on the solvents),
the data in Table III-5 may, in fact, indicate that relative locations

and strengths of UV absorption bands. In that case, the data in Table III-5
suggest the following:

1. With the exception of NG, all analytes exhibit comparable
absorption strengths (i.e., € and a in Table 1II-S are on the same
order of magnitude for all analytes). Thus, the proposed
approach should be equally applicable to all analytes;

2. The absorption bands of all analytes are sufficiently close to
2500 Angstroms that an illumination source capable of providing
sufficlent power output over some wavelength range centered on ot
about this wavelength may permit detection of all analytes (except
NG). Commercially available mercury sources which emit the
characteristic 2537 Angstrom line may be suitable for this purpose.
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Table II-5 (Continued

REFERENCES
'Organic Electcronic Spectral Data,” Vol. 1, M.J. Kamlet, Ed.
Interscience, New Yori:, 1960.
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P.L. Marinas, J.E. Mapes, D.S. Downs, P.J., Kemme and A.C. Forsyth,
Molec, Cryst, Liq Cryst, 33 15 (1976).
0. Sandus and N. Slagg, Tech Repot ARLCD-TR-78C25, av 1978.
K.H.S. Bagdasavan, Yu 1l Kivukhin and Z.A. Sinictsina, J. Photochem
1 (1972/73).
T.H. Mourey and S. Siggia Analytical Chem. 51, 763 (1979).
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P.A. Mullen and i1.K. Orloff, J. Phvs. Chem. 77, 910 (1973).
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UV Absorption data for solutions of analytes were presented In Table III-6.
We also obtained solid state UV absorption coefficients of six analytes to
determine whether the tentative conclusions based on examination of solu-
tion data could be confirmed. A technique used extensively in infrared
analysis--the preparation of KBr pellets containing the analyte--was
attempted and found to be satisfactory through the Cary 219, 400-200nm,
ultraviolet range. Macropellets of 13-mm diameter were pressed under

20,000 pounds pressure, using oven-dried KBr to prevent moisture from
¢clouding the pellet.

Initial attempts to ure a Wig-L-Bug device to thoroughly mix sample and
KBr proved unsatisfactory~-inexplicable clouding occurred, even in
thoroughly dried containers. A successful method finally used involved
gentle but thorough grinding in a mortar and pestle. Some experimentation

was necessary to determine the right concentration to yield a measurable
peak.

Two methods of measurement were used, both giving comparable results.
The first method involved plotting an air vs, air baseline, then
obtaining both blank KBr pellet and sample KBr pellet traces. At the
sample peak, the blank reading was subtracted. In the second method,

a baseline was obtained with blank KBr peliets in each beam. When the
sample pellet was substituted on the sample side, the absorbance at the
peak could be read directly.

Thickness of the pellets was measured with a micrometer and calculations

made as noted in TableIII-6. These findings confirm the tentative con-
clusions noted earlier,

4., Laboratory Demonstration.

The thermal imaging equipment required for laboratory demonstration of the
practical utility of the UV 1llumination/thermal imaging sampling protocol
was rented from Inframetrics, Inc. for one week. Using this equipment and
UV {llumination sources already on hand Iin Arthur D. Little, Inc. labora-
tories, we were able to observe the presence of small quantities of solid
analyte on all of the available surface types of interest except brick,
However, the observed contrast between analyte and surrounding surfaces
was less than would be desirable for routine field use. Independent
measurements indicated that the power output of the UV illunination sources
used was on the order of 150 microwatts to 1 milliwatt, which 1is less

than that assumed in calculations above. Substitutions of
the experimental values for UV power output in those calculacions

results in a predicted temperature rise on the order of that which
was, Iin fact, observed. Thus, while these experiments confirm the
practical utility of the method, they also indicate that for optimum
performance a UV illumination source having a higher power cutput in
the desired wavelength region should be used. We expect that a UV
source with the desired performance characteristics and operatijonal
characteristics that would permit 1its safe uge under field conditions
can be obtained c¢ommercially.
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E. ANALYTE DETECTION USING UV IRRADIAT.ON AND UV PHOTOGRAPHY:
1. Background,

UV light directed at analytes present on a surface may be 1) transmitted,
2) reflected, or 3) absorbed. Measurement of the temperature rise
resulting from UV absorption is the principle underlving the thermal
imaging approach. Any UV absorption will necessarily be accompanied by

a decrease in the UV reflectance, and observation of the latter quantity
may also be a feasible detection method. In this case, surfaces on which
analytes are present would appear as dark areas against a lighter back-
ground when illuminated with a UV source and viewed with a UV selective
detector. The detector could consist simply of black and white film in a
large format camera equipped with a UV filter centered on or about 250C
Angstroms. The advantages of this approach would include the simplicity

and ease of operation of the required equipment and the fact that the
resulting photographs could be maintained as a permanent record of
the investigations.

2. Preliminary Experiments.

Two types of experiments were performed to assess the practical utility
of this approach. In one experiment, the diffuse UV reflectance from

a concrete surface to which 60 ug/cm2 of 2,4-DNP were added was measured
in a UV spectrophotometer. About a 59% reduction in reflectance at
3600 Angstroms was observed. This observation suggested that for
concrete and probably for other surface types as well, the anticipated
effects were, in fact, observed and that the measurements could

probably also be made at much lower analyte concentrations.

In a second set of experiments, UV photographs of several analytes
spiked on surfaces were obtained. Figure ILI-7 is a photograph showing
the contrast obtained for 2,4-dinitrophenol, tetryl, 2,6-dinitro-
toluene, RDX and TNT in 1.3 x '10~“ g/cm? amounts on a thin layer
chromatography silica gel substrate. The photograph was obtained using
a 2400 A filter and a Ziess HBO 200 W source with the glass lens
removed.

Figure III-8 shows the concentration sensitivity for differing amounts
TNT, tetryl and 2,4-dinitrophenol on concrete using a 3650 A filter.
The top row has concentrations of approximately 6 x 10-3 g/cm2 for each
material (including the amount lost by diffusion into the substrate).
The second row has about twice the amount of INT and half the amounts

of tetryl and 2,4-dinitruphenol although the spot size is somewhat
variable.

Characteristics of the UV irradiation and viewing filter would have to
be optimized for maximum contrast. Additional experiments using

different UV illumination sources and narrow bands pass UV filters were
performed to establish the optimum conditions for UV photography.
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Figure I1I-7.

Flgure I11-8.
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UV Photography of 130 ilg/cm2 Each of
2,4=DNT, Tetryl, 2,6-DNT, RDX, and TNT
on TLC Plate

UV Photographv of INT, Tetryl, and
2,4=-DNP on Concrete

66 Arthur D. Lictle, luc.




ToprmITmTe

i S U

>

o r

TR

| ghu il e S

PR R T ) ey PP, LW Lt e i e aa e b oo e o ol el e el

The camera and lens for these experiments consisted of lcng bellows
Bausch and Lomb microscope camera that could be couverted to a horizontal
position. The camera has a variable shutter to which we could attach

a simple, 250 mm focal length, quartz lens. A variable Lrie was used

to reduce the aperture and thus effectively increase the depth of

field. This procedure crupensated for tne <hange in cffective fonal
length enconuntered when focussing with visible 1fght than photograph-

ing at a shorter wavelength, thus throwing the image out of focus.

This camera has a 4 % S sheet f£f{lm format with which we used Polaroid
P/N 55 sheet film providing both the positive print and a negstive. 1he
film is a siow high resolution type film with apparent adequate sen-
sitivicty to the ultvaviolet tu allow a relatively short exposure time.
Five seconds was adequate with tlie 2eiss laap.

The experiments desciribed previously util<ized a high prea-

sure mercury arc {Zeiss HBO ?NC Watt) which produces a substantial
amount of energy centered ¢n (ae 365 UM mercury emission line. This
radiation was 3electively trangmitted to the camera lens with the use of
a barrier filter with a maximum transmission at 365 nm,

In additional erperiments, a Miaecralite Model S-6l source was
obtained for evaluation. This 1s a low pressure mercury lamp which is
reported (a3 have a higher infeunsity cf 254 nw radiation. This lamp is
of particular interest as a radlation source for the thermzl imaging
experiments wihere it is essencigl to optimize the absorption of
radiaricn to achieve tne maximum sul.sequent thermal emission. With
this lamp 48 a lighc scurce, a series of photographs ware taken of the
test spots ¢f explosivev on various suhstrates using different
barrier filters. [nperimentally it was determined rhat a lO-minute
exposurc was required to produce an adequate image using & 254 nu

vand pass barriler filter over the camer. lens.

The results of these experiments are shown in Table IIt-7.

Thege data indicate that it takes a much longer erxposire irterval to
obtain a suituble {mage with tha shurter 254 nm radistion. Tihis wcnld
a0t be a slgnificant handicap {f therec were a distlact advancage (o be
gasned. However, we ohserve approximately the same level of gray image
for each of the representative substrates for both radtation gources.

In order to muccessfully photograph #ny exploaive residue, it 1 obvious

that the image wuat appeur darcer than the ba-kground ov substrata material.

In our avalnation we huve appiied the explosive compound to silica thin
layer chrcuatography substrates as a standard of comparison. A gocd
contrast imege was obtained fcr most of the explosivas on this substrate
and 0 microgrem spots could be detected for moat of the compounda.

Nitrnglycerine and PFIN did not ahzirb at this wavelengtn and do not
phocegraga well urvler thege conditione.

- —— — —
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TABLE Il1-7. RESULTS CF UV PHOTOGRAPHIC EXPERIEMENTS

Radiation Source

Most 4intense UV radiation
Optimum burrier filter for cacera
Explosure level (film response)

Subst rate Response:

Silica, Chromatograph plate
Concrate block

Transite

Galvanized sctell

Brick

Woed

Glass

High Pressure
Hg Arc
Hg Arc, Zelss

365 nM
365 nM

S5 seconds

White

Light gray
Medium gray
Reflective

Dark gray

Dark gray

68

Low Pressure

Hg Arc, Mineralite

254 nM
254 nM

10 minutes

White

Light gray
Medium gray
Reflective
Dark gray
Dark gray

Black
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Typical examples of thesge results are shown in attached photographs.
These photographs were taken using the low pressure mercury source with
an exposure of 10 minutes. Figure I1II-9 was taken with the 3065 nm rrans-
mission filter over the lens. We note excellent contrast for DNP, tetryl
and TNT. Figure III-10 ghows the effect of using the 254 nm tansmission
filter which changes the focal length with the shorter wavelength.

It 48 interesting to note that the DNP and tetryl have less contrast at
this shorter wavelength, while RDX has slightly better contrast.

Figure IXI-10 ‘ncludes a sample of transite containiung 50 micrograms quantities

of applied explosives. Recognizable spots are noted for DNP, tetryl, RDX
and TNT while TNB 1is barely visible.

It has been reported that normal optical glass will transmit enough 365 nm
radiation that suitable photographs can be produced with a conventional

camera lens. However, this would be a less than optimum :ondition and

totally ineffective for the 254 nm radiation and therefore not investi-
gated.

Taken together, these results suggest that further investigation of this
approach appears to be warranted. In particular, it would be desirable
to evaluate under actual field conditions the ability of this approach
to detect those analytes for which these experiments indicate it 1s best
suited.
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Figure III-9. Analytes on Silica Gel and Metal. 365 nm

Figure III-10. Analytes on Silica Gel (top) and Transite (bottom) . 254 nm
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IV. QUANTITATIVE METHODS DEVELOPMENT

A. INTRODUCTION

The quantitative method selected for developmental testing involved
solvent extraction using alternative procedures to conventional wipe
or swab methods. Existing USATHAMA methods for the determination of
explosives, modified as necessary for this particular application, were
used for analysis of the resulting extract.

The objective of this testing was development of procedures for quanti-
tative determination of specific compounds down to concentrations as

low as 5 ug/l0 cm?. The approach used to achieve this objective involved
in each case the spiking with known amounts of analytes of new, uncon-
taminated samples of each of the surface types of interest obtained from
building materials dealers. The samples of conductive non-sparking
flooring that were available for this study were known to have been con-
taminated with explosives/explosive residues, thereby precluding the
spike and recovery approach, The results obtained by applying the
procedures developed for other surface types to samples of this material
are described in Section IV.C.3.

At the direction of the Technical Project Cfficer, emphasis was placed
on the development of procedures for organic analytes. Methods based on
an extraction approach similar to that described in this report for
organic compounds are used widely for the determination of inorganic
species, including those of interest in this study, in soils, sediments,
sludges, etc. No methods for i1norganic species which would represent
substantive improvement over those methods were finally identified.

B. SEMIQUANTITATIVE CERTIFICATION TESTING

Preliminary semiquantitative certification was accomplished by spking
analytes into the quantity of acetonitrile specified in the existing
USATHAMA method prior to any concentration or solvent exchange steps,
and continuing through the steps of the analytical method. The certifi-
cation test involved analyzing five analyte concentrations plus a blank,
one time each on three or more days. The resulting data is summarized
in Volume II of this report.

‘Tables IV-1 and IV-2 summarize the analytical method conditions and
the statistical data, respectively. (Tables IV-1 and IV-2 are
reproduced as Tables I-1 and I-2 in Volume II of this report).

C. QUANTITATIVE CERTIFICATION TESTING

1. Introduction

Quantitative certification was accomplished as noted above by spiking
analytes in acetonitrile solution directly onto new, uncontaminated
samples of each of the surface types of interest, extracting the spiked
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samples with acetonitrile using ultrasonic agitacion, and analytical
procedures used for preliminary certification., The analytical methods
that we developed were evaluated zccording to the procedures specified
in tbe 1980 USATHAMA QA Plan. The resulting data is summarizec in
Voiume 11 of this report.

2. Analvtical Methods

The analytical procedures that were developed and evaluated are
described in detail on pages 76 through 87 of Volume I of this report.
(These analytical methods are also presented on pages 46 through 57
of Volume II of this report.

3. Results and Discussion

Table IV-3 summarizes the statistical data obtained from Quantitative
Certification Testing. (Table TV-3 is reproduced as Table 1I-]1 in
Volume II.)

As noted above (Section IV.A), the samples of conductive nen-sparking
flooring that were available for this study were known to have teen
contaminated with explosives/explosive residues, thereby precluding
quantitative certification testing. Instead, the analytes of interest

were determined in these saiples by the methods described 1. Section
III.C.2.

Two samples of conductive ncun-sparking flooring from an operating
explosives building were received from Dr. Harold J. Matsuguma, Chief,
Chemistry Branch, Energetic Materials Division, ARADCOM. One sample
consisted of a single large sheet about two square feet in arez which
reportedly represents a comwonly used roll material. The other sample
consisted of several small chunks which reportedly represent another

conductive coating which is trowelled ontc a floor and allowed to
harden.

Of the analytes of interest in this study, these samples were reportedly
exposed to RDX, TNB, TNT, tetryl, and PETN. Two subsamples, each
approximately 10 cmi in area, of each of the two flooring tyvpes were
extracted with acetonitrile using ultrasonic agitation and the analytes
RDX, TNB, TNT, and tetryl were determined in the resulting extracts.

The results of these analyses are presented in Table IV-4.

Analysis of wood samples spiked with explosives using these analytical
methods met with mixed results. For many samples, analyte detection
limits and recoveries comparable to those obtained for other analyte-
surface combinations were obtained. However, in certaln samples large
interfering peaks which precluded identification and quantification of
the analytes of interest were observed. These interferences appeared
unpredictably among subsamples taken from a single piece of kiln-dried
dimension lumber obtained from a local building materials dealer, and
are presumed to be due to naturally-occurring compounds distributed

Arthur D Little Inc
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;ﬁ TABLE IV-3. QUANTITATIVE CERTIFICATION TESTING STATISTICAL DATA SUMMARY
Metal Concrete Brick _Transite
D.L. D.L. D.L. D.L.
ug/cm?® % Rec  ug/em® % Rec  ug/em® % Rec ug/cm? % Rec
4
DNP 0.33 96% 1.74 31% 1.59 55% 2.22 34%
(0.35  34%)° (1.15  30%°
RDX 0.25 96 0.63 78% 2.11 72% 3.48 677
(0.80 82%)2
= B 0.28 957 0.98 759% 2.12 74 3.46 597
(0.76 71%)2
2,4=-DNT 0.90 847 1.08 78% 2.10 69% 3.52 65%
- (0.62 79%)2
2,4,6-TNT  0.60 97% 1.57 149, 1.68 66, 3.18 51%
(0.68 60%) 2
Tetryl 1.95 88% 4.29 51% 2.60 68% 4.13 56%
K
DP4 0.50 947 2.44 74% 2.14 695 3.71 67%
(1.15 842 Y (0.90 82%)°
2,6-DNT 2.85 947 6.46 86% 6.36 49% 2,04 79%
NG 9.36 947 21.7 76% 32.5 449 26.1 72%
PETN 10.2 86% 5.39 83% 20.6 62% 10.0 827,

1 Calculated from four days of target vs. found concentrations using the
procedures specified in the 1980 USATHAMA QA Plan.

< Calculared from three days of target vs. found concentrations.

Arthur D, Lictle, Inc.




QUANTITATIVE METHOD FOR THE DETERMIYNATION OF DNP,
RD%, TNB, 2,4-DNT, INT, TETRYL, AND DPA ON SURFACES

1. Application

Method used to extract the following compounds from metal, brick, concrete,
trangite ourfaces:

p 2,+,-dinitrophecnol DNP

' cyclotrimethylenetrinitramine RDX
1,3,5-trinicrobenzene TNB
2,4-dinltrotoluene 2,4-DNT
2,4,6-trinftrotoluene 2,64,6-TNT
2,4,6-tyinitrophenylmethylnitramine Tetryl
diphenylamine DPA

[ ]
A, Testad Concentration Rarge
DNP 0.25 ug/cm? - 5,00 ;g/cm?
. RDX 0.25 wg/em’ = 5.00 ng/cm*
1NB C.25 ug/em? = 5,00 ug/em?
2,4=DNT 0,25 ug/em? = 5,00 ug/cm*
THT 0.25 ug/cm? = 5.00 ug/em?
Tetryl  0.2% ug/em? = 5.00 ug/em?
DEA 0.2% .g/cn’ = 5.00 ug/en?
§ D. Yenasftivity
Instrunent response for cach asnalyte ip given below:
Aneglrte Loncentracdion Responoe
' ,
g’, Dir 25,06 ng/mnl. 3700 arca units
Kby 24,806 np/wl, 1388 area unice
T4l 26,97 nyg/irl, %417 arva unitn
oA 26,99 ng/ml. 6090 aves unite
171 20,91 ng/m). 4104 aves unive
1 tryl 29,30 ng/mL 2895 area uni(.
HI 26.9) ng/mlL 2101 araa urdte
o Detgoidon ulm
Bve lable 11-1,
L. _dutetlgpen ur
’ ' etturenus ;1ement (0 scre bl i and tranafie sanples wetle apjdatent |y

ando tatiier Lhan systematf.. Tul wvaanple, the HPLL analvale of
est-votlon B of oue blanr (unapibed) L b wulface Goxtracted Fo) 9

v 1‘(_:



indicated the presence of a compound with a retention time of 1510
seconds. This compound interfered with the TNT. However, this
interference was not observed in any other blank brick sample.
Therefore, only the brick samples analyzed on Feb 9 were corrected
for the interference.

E. Analysis Rate

Six samples can be extracted and prepared for analysis in three hours.
Rate of analysis 1s given below, excluding calibration standards:

DNP 8 samples in an 8 hour day
RDX 8 samples in an 8 hour day
TNB 8 samples in an B hour day
2,4-DNT 8 samples in an 8 hour day
TNT 8 samples in an 8 hour day
Tetryl 8 samples in an 8 hour day
DPA 8 samples in an 8 hour day

Chemistry

2,4,-dinitrophenol  C6H4N205
CAS RN S51-28-5
MP 112-114C

Cyclotrimethylenetrinitramine C3IH6N6QGE
CAS RN 121-82-4
MP 205-206C

1,3,5-trinfitrobenzene COHINIOG
CAS RN Y9-35-4
MP 122.5C

2,4-dinitrotoluene CTHEN204
CAS RN 121-14-2
MP 71C

2,4, ,6-trinitrotoluene C7HS5N3OG6
CAS RN 118-96-7
MP 80.1C

2,4, 6-trindtrophenylmethyinitramine
CAS RN 479-45-8
MP 130C Explodes 187C

diplanylamine CL"LIN
(a5 RN 122-39-4
ME 93540 BE 300G

77
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L‘ 3. Apparatus

A. Instrumentation

Waters Associates Model 6000A Solvent Delivery System
Waters Assoclates Model M-=45 Solvent Delivery System
Waters Assoclates Model 660 Solvent Programmer

l! Waters Assoclates Model 440 Absorbance Detector

: Waters Associates Intelligent Sample Processor (WISP)
Spectra~-Physics Minigrator
Hewlett Packard 7133A Recorder

B. Parameters

Column: Spherisorb ODS Su, 250 x 4.6 nm ID
Precolumn: Pellicular LC-18, 40p, 5O x 4.6 mm ID
Solvent System: linear gradient
- Initial: 30/70 CH3CN/0.08 M acetic acld adjusted
- to pH 3.1 with NH,OH
Final: 50/50 CH3IN/0.08 M acetic acid adjusted
to pH 3.1 with NH,OH
Time: 35 minutes
Detector: UV at 254 nm
. Flow Rate: 1.0 mlL/min
'\ Attenuation: 0.01 AUFS
Injection Volume: 100 ulL

C. Eardware/Glassware

Westinghouse Ultraeonic cleaner
'L 8 ounce jars with teflon lined caps
- 25 mL graduated cylinders
microliter syr.nges
volumetric flask: - 50, 10, S ml
vials -~ WISP and 1% mL, with teflon lined caps

D. Chemicals

acetonitrile, HPLC grade

nitrogen

acetic ucid

armmonium hvdroxide

Standard Analytical Reference Material for each analyte

Arthur D. Liude, Inc,




4. Standards

’! A. Calibration Standard

Stock Solution A: DNP, RDX, TNB, 2,4-DNT, INT, TETRYL, DPA
Prepare individual stock solutions of 5.0 mg/mL. Combine
500 ul individual stocks and dilute to 5 mL.

2 Stock Solution B:
: Dilute 625 ulL Stock Solution A to S mL. Concentration is 62.5
ug/mL of each analyte

Calibration standards prepared in 25 mL volumetrics adding H,0
so final solution {s 55% H,0/45% CH3CN:

Cal Std. uL Stock B Added Concentration Ea~h Analyte
1 10 25.0 ugl
2 20 50.0 ugl
- 3 40 100.0 wugL
4 80 200,0 ugL
5 200 500.0 ugl
6 400 1000.0 ugl

B. Control Spikes

K Spiking stock solutions were prepared using 0.5 mg/mlL stock solution.
uL_Stock Soln/x mL CH3CN Concentration Each Analyte
125 ul/10 mL 6.2 mgl
250 uL/10 mL 12.0 mglL
u 500 uwL/10 mL 25.0 mgl
B 500 uwl/5 mL 50.0 mgL
625 wL/5S mL 62.5 mgl
1250 ul/5 mL 125.0 mgL
2500 uL/5 mL 250.0 mgL
400 uL 6.2, 12.5, 25.0, 62.5, 125.0 mgL Stocks aApiked onto 10 cm?
concrete and metal surfaces.
200 uL 12.5, 25.9, 50.0, 125.0, 250.0 mgl. stocks spiked onto 10 cm?
brick and transite surfaces.
Concentration of analytes on sur.,ace after spiking: 2.5 vg, 5.0 ug,
10.0 hg. 25-0 UB. 50 Ug.
’
7
’ .
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5. Procedure

Extraction A

1. Spike 10 cm? surface sample with acetonitrile spike solution
(volume dependent on surface type). Allow solvent to evaporate.

2. Transfer sample to 8 ounce jar and add 20 mL CH3CN. Cover jar
with teflon lined cap.

3. Sonicate for 10 minutes.
4. Transfer extract A to 50 mL volumetric flask, add 27 mL 0.08 M
acetic acid and bring to volume with CH3CN. Save curface

sample for extraction B,

Extract A ready for analysis,

Extraction B

1. Add 20 mL CH3CN to jar with surface sample. Sonicate for 10 minutes.

2. Transfer surface sample to a second jar. Add 20 mL CH;3C¥ and
sonicate for 10 minutes more.

3. Combine extracts from steps ] and 2 and evaporate using nitrogen
to less than 5 omL.

4. Transfer evaporated extra.: to 1O mlL volumetric flask. Add 5.5
mL to 0.08 M acetic acid ard bring to volume with CH;CN.

Extract B ready for analysis.

6. Calculations

Calculate found concentration for each analyte in each sample extract
from daily calibration data.

Multiply found concentration by extract volum: tu find total ug in extract.
Combine total ug in extracts A and B to find total Lg on gurface.

7. Rererences

l.akings, D.B., Bake-, R.J., and Ctoox, M.V., "Precision #nd Accura:yv
Asgsessnent of the High Perforrance Liquid Chromatographic Aralytical
Technique for the Deturminar'vr of Dinftrophunol <ONP); Cyclotrimethylone
trirsitramine (RDX); 1,3-Dialtrobe¢nzene (LNB); 1,2,5-tsi{nftrebenzene (INL;;
2,6-Dindtrotoluene (2,4~DNT); Trindcrotolusne (TNT); 2,4,6-T:initcophenyl-
mathyilnitramine {Terryl); and Diphenylarine (JPA)", Midwest Research
Institute Tuchnical Veporc No, I, US\THAMA Contraci NHo. DASKL1-81-C-0007,
March, 1981,

30
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2,6-DNT AND NG ON SYURFACES

E 1. Aspiication

Method used to extvact the following compounds frem wwetal, brick, coa-
crete, traass e surfaces:

2,6~dioitrotoluene 2,6~DNT
] nitroglycerine MG

A. _Tested Concentration Runge

Z,5-DN7 1.00 ug/em? to 20. €0 ug/cmt
NG 12.50 ug/za? 1o 125.00 ug’em?

B. Sensitivity

Instrument cesponse fo, each anslyte 1s given below:

‘- Analyte Conceatration Response
2,6~0UT 0.10 1g/mL 2068750 ares units
R(Y 1.25 vg/mL 186010 area units

”~

:;_maetencion limic

[ § See Table 1X-1.

D. Intorferences

r No interferences wers obwerved

FE. Analysis Rate

——

¢iv sumpisy can be extracted and prepared for analysis in three
kours., Rate of analysis is given below excluding calibration

standards:
2,5-DNT 16 Samples in an 8 hour day
K9 16 samples in an 8 hour day

2, _Chemiatry

2,6-dinitrotoluere C7H6N204
CAS RN 606-20-2
MP 66C

' lifvvoglycerine C3H5N130Y

CAS BN 55-¢1=0
MP Stable form 13.5C

81
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3.

Apparatus

A. Instrumentation

Beckman Model 110A Solvent Metering Pump

waters Associstes Model 450 Variable Wavelength Detector
Waters Associates Model U6K Injector

Hewlett Packard 3390A Integrator/Recorder

B. Parameters

Column: Spherisorb ODS, 5Su, 250 x 4.6 mn ID

Precclumn: Pellicular LC-18, 40 y, 50 x 4.6 mm ID

Solvent System: 35/65 CH3CN/0.005 m t-butyl ammonium hydroxide,
FH 6.5. adjusted with 1N H;3PO,

Detector: UV at 230 nm

Flow Rate: 1.0 mL/min

Attenuation: 0.01 AUFS

Injection Volume: 100 uL

C. Hardware/Glassware

Westinghouse Ultrasonic cleaner

8 ounce jars with teflon lined caps

25 mL graduated cylinders

microliter syringes

volumetric flasks - 50, 10, 5 mL

vials - WISP and 14 mL, with teflon lined caps

D. Chemicals

Acetonitrile, HPLC grade
nitrogen

phosphoric acid

t-butyl ammonium hydroxide

Standard Analytical Reference Material for each analyte.

Standards

A. Calibration Standards

Prepare individual stock solutions:
5 mg/mL 2,6-DNT
50 mg/mlL NG

8¢

Arthur D1 ittle Inc




B!

Stock Soclution A:

Combine 200 uL 2,6-DNT stock and 250 uL NG stock and dilute to
10 mL CH3CN. Conc~ntration is 0.1 mg/mL 2,6-DNT and 1.25 mg/mL
NG.

Calibration standards prepared in 10 mL volume:ric flasks
adding 50% H20/50% CH3CN.

Cal Std. pL Stock A added 2,6=-DNT NG
1 10 0.1 ug/mlL 1.2 ug/mL
2 20 0.2 ug/mL 2.5 yug/mL
3 40 0.4 pug/oL 5.0 ug/mL
4 80 0.8 ug/mL 10.0 wug/mL
5 200 2.0 ug/mL 25.0 ug/mL

B. Control Spikes

Spike Solutions prepared following chart below:
Dilute with

Spike Solution Amount Stock CHLCN to Concentration

1 1 ol of 5 mg/mL 2,6-DNT 5 mL 1 mg/mL 2,6-DNT

2 0.5 nL of 5 mg/wL 2,6-DNT 5 mL 0.5 mg/mL 2,6-DNT

3 0.5 mL of 5 mg/mL 2,6~DNT 5 mL 0.5 mg/mL 2,6-DNT
0.625 uL of 50 mg/mL NG 6.25 mg/ml NG

4 0.250 mL of 5 mg/mL 2,6-DNT S mL 0.25 mg/mL 2,6-DNT
0.312 mL of 50 mg/mL NG 3.12 mg/mL NG

5 0.200 mL of 5 mg/ml. 2,6-DNT 5 mL 0.20 mg/mL 2,6-DNT
0.250 mL of 50 mg/mL NG 2.50 mg/mL NG

6 0.200 mL of 5 mg/mL 2,6-DNT 10 oL 0.10 mg/ml 2,6-DNT
0.250 mL of 50 mg/mL NG 1.25 mg/mL NG

7 0.100 mL of 5 mg/mL 2,6-DNT 10 mL 0.05 mg/ml 2,6-DNT
0.125 mL of 50 mg/mL NG 0.62 mg/mL NG

8 0.025 wlL of 5 mg/mL 2,6-DNT 5 mL 0.025 mg/ml 2,6-DNT
0.031 mL of 50 mg/mL NG 0.31 mg/mL NG

400 uL of spike solutions 8, 7, 6, 4, 2 spiked onto 10 cm® concrete
and metal surfaces

200 uL of spike solutions 7, 6, 5, 3, 1 spiked onto 10 cm? brick
ard transite surfaces

83
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Concentration on surface after spiking:
NG - 125 ug, 250 ug, 500 ug, 1250 ug

2,6-DNT - 10 pg, 20 ug, 40 ug, 100 ug, 200 ug.

5. Procedure

Extraction A

1. Spike 10 cm® surface sample with acetonitrile spike solution (volume
dependent on surface type). Allow solvent to evaporate.

2. Transfer sample to 8 ounce jar and add 20 ml CH3CN. Cover jar
with teflon lined cap.

3. Sonicate for 10 minutes.

4, Transfer extract A to 50 mL volumetric flask, add 25 mL
and bring to volume with CH;CN.

o
o

Save surface sample for Extraction B.

Extraction B

1. Add 20 mL CH3CN to jar with surface sample. Sonicate for 10
minutes.

2. Transfer surface sample to a second jar. Add 20 »L CH;CN and
sonicate for 10 minutes more. :

3. Combine extracts from steps 1 and 2 and evaporate using nitrogen
to less than 5 mL.

4, Transfer evaporated extract to 10 mL volumetric flask. Add 5.0
nd,lao and bring to volume with CH3CN. Extract B ready for
analysis.

6. Calculations

Calculate found concentration for each analyte in each sample extract
from daily calibration data.

Multiply found concentration by extract volume to find total ug in extract.
Combine total ug in extracts A and B to find total ug on surface.

7. References

Lakings, D.B., Baker, R.J., and Crook, M.V., '"Precision and Accuracy Assess-
ment of the High Performance Liquid Chromatographic Analytical Technique
for the Determination of Nitrobenzene (NB), 2,6-Dinitrotoluene (2,6-DNT),
Nitroglycerin (NG), and Picric Acid (PA), Midwest Research Institute
Technical Report No. 2, USATHAMA Contract No. DAAK11-81-C-0007, May, 1981.
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QUANTITATIVE METHOD FOR THE DETERMINATION
OF PETN ON SURFACES

1. Application

Method used to extract pentaerythrite tetranitrate (PETN) from metal,
brick, concrete, transite surfaces.

l! A. Tested Concentration Range:
PEIN 5.0 ug/cm? to 100,0 ug/cm?

B. Sensitivity

-— Instrument response for PETN is given below:
Concentration Response

: 0.50 ug/mL 98025 area units

| il

C. Detection Limit

See Table II-1.

‘! D. Interferences
There were no interferences.

E. Analysis Rate

Six samples can be extracted and prepared for analysis in three
hours. Rate of analysis is given below, excluding calibration
standards:

™

PETN 32 gsamples in an 8 hour day

2. Chemistry

Pentaerythrite tetranitrate CS5H8N4012
CAS RN 78-11-5
MP 140-141 C

3. Apparatus

A. Instrumentation

Beckman Model 110A Solvent Metering Pump

Waters Associates Model 450 Variable Wavelength Detector
Waters Asscciates Model U6K Injector

Hewlett Packard 3390A Integrator/Recorder

Arthur D. Lictle, Inc.




B. Parameters

Column: Spherisorb ODS, 5Su, 250 x 4.6 mm ID
Precolumn: Pellicular LC-18, 40y, 50 x 4.6 mm ID
Solvent System: 65% CH3CN/35% H,0

Detector: UV at 230 nm

Flow Rate: 1.0 mlL/min

Attenuation: 0.01 AUFS

Injection Volume: 100 uL

€. Hardware/Glassware

Westinghouse Ultrasonic cleaner

8 ounce jars with teflon lined caps

25 mL graduated cylinders

microliter syringes

volumetric flasks - 50, 10, 5 mlL

vials - WISP and 14 mlL, with teflon lined caps

D. Chemicals

Acetonitrile, HPLC grade
Standard Analytical Reference Material for PETN

4. Standards

A. Calibration Standards:

Prepare stock solution as follows:
200 L of SARM (50 mg/mL)-in 10 mL CH3CN = 1.0 mg/mL

Calibration Standards prepared in 10 mL volumetric flasks adding
50% H,0/50% CH3CN.

Cal. Std ul Stock added Concentration PETN
L 1 5 0.5 ug/mL
2 10 1.0 pg/mL
3 20 2.0 ug/mL
4 40 4.0 ug/mL
5 100 10.0 ug/mL
1 6 200 20.0 ug/mL

Arthur D. Litdle, Inc.
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B, Control Spikes

Spike solutions prepared following chart below:
Dilute with

Spike Solution Amount Stock CHACN to Concentration
1 12.5 uL of 50 mg/mL 5 mL 0.125 mg/mL
2 SO uL of 50 mg/mL 10 mL 0.25 mg/mL
3 100 uL of 50 mg/mL 10 mL 0.50 mg/mL
4 100 pL of 50 mg/mL 5 mL 1.0 mg/mL
5 125 uL of 50 mg/mL 5 mL 1.25 mg/mL
6 500 ul of 50 mg/mL 10 mL 2.5 mg/mL
7 500 uL of 50 mg/mL 5 mL 5.0 mg/mL

400 ul spike solutions 1,2,3,5 and § spiked onto 10 cm? metal surfaces

200 uL spike solutions 2,3,4,6,7 spiked onto 10 cm? concrete, transite,

and brick surfaces.

Concentration of analytes on surface after spiking: 50 ug, 100 ug, 200
500 ug, 1000 ug.

Procedure

6.

Spike 10 cm? surface sample with acetonitrile spike solution (volume
dependent on surface type). Allow solvent to evaporate.

Transfer sample to 8 ounce jar.
Add 12 oL Chi3CN Cover jar with teflon lined cap. Sonicate for 10 min.

Transfer extract to 50 ml volumetric flask.

Repeat steps 3 and 4 twice, adding extracts to same 50 mL
volumetric flask.

Rinse jar with 17 mL H,0 and transfer to volumetric flask.
Bring to volume with CH3CN.

Ready for HPLC analysis.

Calculations

Calculate found concentration for each analyte in each sample extract
from daily calibration data.

Multiply found concentration by extract volume to find total vpg in extract.

7.

References

None
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E TABLE 1IV-4, RESULTS OF ANALYSES FOR RDX, TNB, TNT, AND TETRYL
IN CONDUCTIVE NON~-SPARKING FLOORING SAMPLES
Total Micrograms
g Sample RDX TNB TNT Tetryl
Roll Flooring 48 ND 23 5.4
Roll Flooring (duplicate) 34 ND 7.3 3.2
Travelled Flooring 1200 3.6 890 ND
- Travelled Flooring (duplicate) 750 15 2600 ND
L‘ ND = Not Detected

88 Arthur D Little Inc
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heterogeneously throughout the wood. Changes in the sample preparation
procedures or analytical conditions which would circumvent this problem
were not identified. 1In any case, furcther developmental effort should
be based on knowledge of what wood type (i.e., species) and conditions

(age, moisture content, etc.) best represent actual field conditions.
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V. CONCLUSIONS AND RECOMMENDATIONS

Review of the available literature suggests that available methods
for the sampling and analysis of explosives/explosive residues have
been developed principally for the identification of post-blast
residue and for the detection of concealed bulk explosives. Most
of the work in these areas has been directed toward the application
of classical spot test methods, thin-layer chromatographic methods,
and vapor phase detection methods. None of these methods satisfias
all of the Army's requirements for the sampling and analysis of
explosives/explosive residues on building materials surfaces.

A method for the detection of explosives/explosive residues on
building materials surfaces based on the formulation of charge-
transfer complexes between the explosives and anthracene applied to
the surface with visual identification has been developed and
evaluated in the field. This method offers the following advantages:

(1) Sensitivity down to concentrations of analyte(s) on

the order of micrograms per square centimeter of
surface;

(2) Speed;

(3) Manageable hazard during and subsequent to use as
compared to similar spot test methods; and

(4) Reversibility: the charge-transfer complexes formed
in this application can be destroyed relatively easily
leaving the original analyte intact and available for
subsequent quantitative testing.

Field evaluations perfomed at two Army Ammunition Plancts confirm
that this method is, in fact, capable of detecting explosives
contamination under field conditions, and that the presence of dirt
and debris of the type under such conditions apparently does .ot
result in false positive findings.

Methods for the determination of explosives/explosive residues on
building materials surfaces based on solvent extraction using
ultrasonic agitation and analysis by high pressure liquid chromato-
graphy have been developed and evaluated in the laboratory. For

the majority of analyte~surface combinations studied, analyte
recoveries of 60-95% and detection limits on the order of micrograms
per square centimeter of surface were obtained.

The theoretical and practical feasibility of a method for the
detection of explosives/explosive residues on building materials
surfaces based on UV irradiation with subsequent detection has
been demonstrated. This approach may provide the means for
"gcanning'' of an area on a real-time basis *to determine whether
explosives are present. Furcher development of this approach is
recommended.
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